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PERE EACH 


The volumes of the International Library of Technology are 
made up of Instruction Papers, or Sections, comprising the 
various courses of instruction for students of the International 
Correspondence Schools. The original manuscripts are pre- 
pared by persons thoroughly qualified both technically and by 
experience to wri‘e with authority, and in many cases they are 
regularly employed elsewhere in practical work as experts. 
The manuscripts are then carefully edited to make them suit- 
able for correspondence instruction. The Instruction Papers 
are written clearly and in the simplest language possible, so as 
to make them readily understood by all students. Necessary 
technical expressions are clearly explained when introduced. 

The great majority of our students wish to prepare them- 
selves for advancement in their vocations or to qualify for 
more congenial occupations. Usually they are employed and 
able to devote only a few hours a day to study. Therefore 
every effort must be made to give them practical and accurate 
information in clear and concise form and to make this infor- 
mation include all of the essentials but none of the non- 
essentials. To make the text clear, illustrations are used 
freely. These illustrations are especially made by our own 
Illustrating Department in order to adapt them fully to the 
requirements of the text. 

In the table of contents that immediately follows are given 
the titles of the Sections included in this volume, and under 
each title are listed the main topics discussed. 
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ELEMENTS OF ARITHMETIC 


FUNDAMENTAL PROCESSES 


NOTATION AND NUMERATION 


INTRODUCTION 


1. Necessity for Calculations.—The worker in almost 
any branch of industry frequently meets with problems that 
require figuring. For example, the engineer may wish to 
figure the horsepower of an engine or the pressure that may 
be carried safely in a steam boiler. The blacksmith may have 
to find how long a piece of straight bar must be cut off, so that, 
when it is bent, it will form a ring of a certain size. The 
patternmaker may wish to know how to set his dividers so that 
they will space off a certain number of equal divisions on a 
circle. The foundryman may need to know the amount of 
metal required to pour a casting whose dimensions are given on 
a drawing, and so on in many other occupations. In each of 
these cases it is necessary to make calculations in order to 
obtain the desired information. Sometimes the calculations are 
short and simple, and at other times they are long and difficult. 


2. Use of Arithmetic.—Before calculations of any kind 
can be made, something must be known about figures and 
numbers, because all calculations bring figures and numbers 
into use. The study of numbers, or the art of reckoning, is 
commonly called arithmetic. Thus, the various calculations 
that may be made really depend on an understanding of 
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arithmetic. For this reason, it will be necessary to begin with 
a study of those arithmetical principles and processes that are 
to be used later in making engineering and commercial 
calculations. 


3. Fundamental Processes.—The four fundamental 
processes of arithmetic are addition, subtraction, multiplication, 
and division. They are called fundamental processes because 
all operations in arithmetic are based: on them. Every cal- 
culation that is made must use one or more of these processes. 


4. Unit and Number.—A unit is one, or a single 
thing, as one inch, one dozen. A number is one or more 
units or things. It answers the question “How many?” For 
example, let the question be, “How many bolt holes are there 
in that cylinder head?” If the answer is “Eight holes,” then 
eight is a number, because it tells how many. A number, 
however, may be either one or more than one, as one hour, 
six feet, ten dollars. 


5. Concrete and Abstract Numbers.—lIf a number is 
applied to one particular kind of thing or measure, as three 
horses, five dollars, ten pounds, it is called a concrete num- 
ber. If a number is not applied to any particular thing or 
measure, as three, six, ten, it is an abstract number. 


G. Integer and Fraction.—Distinction is made between 
numbers that indicate one or more whole units and those num- 
bers that represent a portion of a unit. A whole number is 
known as an integer, or an integral number. A number 
representing a portion, or part, of a unit is called a fraction. 


7. Systems of Notation and Numeration.—Num- 
bers are expressed by words, by figures, and by letters. 
Notation is the art of expressing numbers by figures or let- 
ters. Numeration is the art of reading numbers expressed 
by figures or letters. Two kinds of notation are in general 
use, the Arabic and the Roman. 
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ARABIC NOTATION 


8. Meaning and Arrangement of Figures.—The 
Arabic notation is tlie method of expressing numbers by 
figures. This method employs ten characters, called figures, 
which are written and named as follows: 


Figures he Ze aeoun ar fy OBO Gi, rel 8 44 19 40 
Names one two three four five six seven eight nine naught 


The figure naught (0) is called also cipher and zero, and 
when standing alone means nothing, or no value. The other 
nine figures are called digits, and when standing alone each 
has a definite value. Ten is written 10, 


9. Counting.—One of the first things learned in arithme- 
tic is to count. Counting is done by naming the numbers 
successively in the order of their value. The method of count- 
ing above ten and up to one thousand, and the names of the 
various numbers, are given in the following list: 


11 eleven 21 twenty-one 31 thirty-one and so 100 one hundred 


12 twelve 22 twenty-two on up to 200 two hundred 
13 thirteen 23 twenty-three 40 forty; then 300 three hundred 
14 fourteen 24 twenty-four 41 forty-one and so 400 four hundred 
15 fifteen 25 twenty-five on up to 500 five hundred 
16 sixteen 26 twenty-six 50 fifty; then to 600 six hundred 
17 seventeen 27 twenty-seven 60 sixty 700 seven hundred 
18 eighteen 28 twenty-eight 70 seventy 800 eight hundred 
19 nineteen 29 twenty-nine 80 eighty 900 nine hundred 
20 twenty 30 thirty 90 ninety 1,000 one thousand 


10. Ordinais and Cardinals.—Indicating by means of 
a number the position of a thing or unit in a row, or series, 
may also be considered as counting. For instance, third house, 
seventh month, etc. When numbers are used in this manner, 
they are known as ordinals, or ordinal numbers. Num- 
bers that simply answer the question “How many?” are some- 
times called cardinals, or cardinal numbers. For 
example, one, two, three, etc. are cardinals, and first, second, 
third, etc. are the corresponding ordinals. In general, an 
ordinal is formed by adding the letters th to a cardinal; as, 
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fourth, sixth, tenth, fourteenth, etc. The ordinals of one, two, 
and three, are exceptions to this rule; in the ordinal fifth the 
spelling of five is slightly changed. 


11. Simple and Relative Values.—The value rep- 
resented by a figure depends on its position in relation to other 
figures; thus, figures may have simple values and relative 
values. The simple value of a figure is the value it has 
when it stands alone; for example, the figure 2 standing alone 
has a value that is one greater than 1 and one less than 3. But 
if a figure 1 is placed to the right of the 2, making 21, the first 
figure no longer has the value it had before. This new value 
that is given to it by placing another figure to the right of it is 
called its relative value. The difference between simple 
and relative values may be explained as follows: 


It the Ronre, S Stands oa lone ti ios ae Mae atte eres 8 
it is simply eight units, or eight. 
Placesa.2 to themiemt (ot whe tats age keke rah ak 82 


The 2 is now two units, but the 8 has moved one place 
to the left, so that it is no longer eight units. Instead, it 
is eight tens, or ten times 8. 
Nowe places. t0'1he sient. thse. no scta mice cee ake 825 
The 8 is now moved another place to the left and its 
value is again increased ten times, or ten times eight tens, 
making 8 hundreds. At the same time the 2 is moved 
one place to the left and its value is increased to 2 tens. 
Add-a 6 tothe right; thustacvi a: chen pee eee ee 8256 
The 8 is now another place to the left and its value is 
increased ten times more, or to 8 thousands. The 2 is 
increased to 2 hundreds, and the 5 to 5 tens. 


The last number of four figures is read eight thousand two 
hundred fifty-six. 


12. Grouping of Figures.—In writing numbers that 
contain more than three figures, it is common to divide them 
into groups of three figures, counting from the right. This is 
called pointing off, because a comma (,) is used to point off, 
or mark, each group of three figures. The object of doing this 
is to enable the number to be read easily and accurately. The 
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first group at the right is the units group, the next the thou- 
sands group, and the next the millions group. This method of 
pointing off and the naming of the groups is shown in the table 
at the end of this article. ~ 

The illustration given in Art. 11 shows that by moving a 
figure one place to the left in a number its value is made ten 
times as great as before. The last position at the right in a 
number is called the waits place. Take the number 417,385,926 
as anexample. The figure 6 is in the units place and is simply 
six. The next place, occupied by the 2, is the tens of units 
place, so that the 2 in this position has a value of 2 tens of 
units, or twenty. The 9 is in the hundreds of units place, and 
its value is 9 hundreds of units, or nine hundred. This right- 
hand group of three figures, therefore, has a value of nine 
hundreds, two tens, and six units, or nine hundred twenty-six, 
as it would be read. 

The next group of three figures, or 385, is at the left of 926; 
therefore, the figure 5 is in the fourth place from the right end, 
and its value is ten times as great as it would be in the third 
position. The third place is the hundreds place, and as the 
fourth place is ten times as great, it must be the thousands 
place, so that the figure 5 in this position represents five thou- 
sands. The figure 8 is in the tens of thousands place, and its 
value is 8 tens of thousands, or eighty thousand. The figure 3 
is in the hundreds of thousands place, and its value is 3 hun- 
dreds of thousands, or three hundred thousand. The middle 
group of three figures, therefore, has a value of three hundred 
thousand, eighty thousand, and five thousand, which would be 
read three hundred eighty-five thousand. 

The group of figures at the left, or 417, refer to millions, a 
million being ten times as great as a hundred thousand. The 
7 is in the millions place and has a value of seven million. The 
1 is in the tens of millions place and has a value of ten million. 
The 4 is in the hundreds of millions place and has a value of 
four hundred million. This group of figures, therefore, has a 
value of four hundred million, one ten million, and seven mil- 
lion, or four hundred seventeen million, to state it in the way 
in which it would be read. 


i # 
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The entire number 417,385,926, made up of the three groups 
of figures, would be read four hundred seventeen million three 
hundred eighty-five thousand nine hundred twenty-six. The 
following table shows the positions of the figures, the groups, 
and the name of each of the places, or positions: 


Thousands Units 


# Hundreds of Millions 
~e Tens of Millions 

© Hundreds of Thousands 
@ Tens of Thousands 

ex Thousands 

«> Hundreds of Units 

to Tens of Units 


~I Millions 
o& Units 


- 


13. Use of the Cipher.—The cipher, 0, has no value in 
itself, because it represents nothing, or zero, but it is useful in 
determining the position of other figures. Suppose, for 
example, that the number two hundred five is to be written. It 
would not be correct to write it 25, because that is twenty-five. 
The 2 must be in the hundreds place and the 5 in the units 
place, because two hundred five means two hundreds and five 
units; therefore, it is written by placing a cipher between the 
2 and the 5, giving 205. The 2 is then in the hundreds place 
and the 5 in the units place, as required, and the cipher indi- 
cates that there are no tens. In the same way, three thousand 
twenty-six would be written 3026, and six thousand four 
would be written 6004. In the last case, two ciphers are needed, 
because the 6 must be in the thousands place, which is the 
fourth from the right. If the number to be written is five 
thousand nine hundred eighty, it could not be written 598 
because that is only five hundred ninety-eight. The 5 must be 
in the fourth, or thousands, place, the 9 in the hundreds place, 
and the 8 in the tens place; consequently, a cipher is added at 
the right, giving 5980, which is the correct way of writing five 
thousand nine hundred eighty. 
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NUMERATION 


14. Reading of Numbers.—When reading whole num- 
bers the word and should not be used. For instance, the 
number 205 is read two hundred five; not two hundred and 
five. 

In numbers that are pointed off, each group, or period, is 
read in its turn, as though it were a separate number, and then 
the name of the group is placed after it. For instance, the first 
group from the left in the number 987,765,432 is read nine 
hundred eighty-seven, as though standing alone, then million, 
the name of the group, is added. The second group is read 
seven hundred sixty-five thousand, and the last group is read 
simply as four hundred thirty-two, the word unit being omitted. 
In reading numbers, the final s in thousands, millions, etc. is 
omitted. 


EXAMPLES FOR PRACTICE 


Point off and read the following numbers: 
(1) 31072; (2) 317020; (3) 1007; (4) 6051; (5) 28970093. 
Write the following numbers, using figures: 


(6) Seven thousand seventeen; (7) One thousand nine hundred 
fourteen; (8) Ten million eighty-two thousand thirty-six. 


Ans. (1) 31,072 or thirty-one thousand seventy-two; (2) 317,020 or 
three hundred seventeen thousand twenty; (3) 1,007 or one thousand 
seven; (4) 6,051 or six thousand fifty-one; (5) 28,970,093 or twenty- 
eight million nine hundred seventy thousand ninety-three; (6) 7,017; 
(7) 1,914; (8) 10,082,036. 


ROMAN NOTATION 


15. Fundamental Letters and Their Combina- 
tions.—The method of expressing numbers by means of 
seven capital letters is known as Roman notation. This 
notation is generally used for numbering chapters in books, 
tables, rules, formulas, etc. The seven letters and their fixed 
values, when used singly, are as follows: 


Letter I V DO Je (C: D M 
Value 1 is) 10 50 100 500 1000 
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When numbers expressed in Roman notation are written by 
hand, the letters must be formed like the printed capitals, and 
not like ordinary capitals used in handwriting. 


16. The letters used in Roman notation can be combined 
according to the following principles to represent any number: 


I. Jf a letter is written before one of greater value, their 
difference is the value represented; as, IV, four; IX, nine; 
XC, ninety. 

II. If a letter is written after one of greater value, thew 
sum is the value represented; as, VI, six; XI, eleven. 

III. Repeating a letter repeats its value; thus, I1=2, 
XX =20, CC=200, CCC=300. The letters V, D, and L are 
never repeated; only I, X, C, and M are ever used more than 
once in any combination. 


17. Some of the combinations in most common use and the 
values they represent are as follows: 


II two IX nine XVI sixteen 
III three XI eleven XVII seventeen 
IV four XII twelve XVIII eighteen 
VI six XIII thirteen XIX nineteen 
VII seven XIV fourteen XX twenty 
VIII eight XV fifteen XXI twenty-one 
ADDITION 


VERTICAL ADDITION 


18. Definitions.—Addition is the process of finding a 
number that is equal to two or more numbers taken together. 
The number so obtained is called the sum, or the total. 


19. The sign of addition is +. It is read plus, and means 
more or and. Thus, 5+6 is read 5 plus 6, and means that 
5 and 6 are to be added. Or, 5+6 may be read 5 and 6. 
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The sign of equality is =. It is read equals, or is equal to. 
Thus, 5+6=11 may be read, 5 plus 6 equals 11. 

In preparing his lessons, the student will have frequent occa- 
sion to use the equality sign, and he should therefore clearly 
understand its meaning. All on the right of the sign should 
always be equal to all on the left. 

Numbers expressed in units of the same kind can be added, 
but numbers expressed in units of different kinds cannot be 
added. Thus, 6 dollars can be added to 7 dollars and the sum 
will be 13 dollars; but 6 dollars cannot be added to 7 feet. 


20. Use of Table I.—Table I gives the sum of any two 
numbers from 1 to 12. This table should be carefully com- 
mitted to memory. As 0 has no value, the sum of any num- 
ber and O is the number itself; thus, 17 and O is 17, or 
17+0=17. 


21. Method of Vertical Addition.—The term vertical 
means upright, in the direction of a plumb-line. Hence, for 
vertical addition, place the numbers to be added in a ver- 
tical row, one below another, taking care to place units under 
units, tens under tens, hundreds under hundreds, and so on. 
When the numbers are thus written, the right-hand figure of 
one number is placed directly under the right-hand figure of 
the one above it, thus bringing units under units, tens under 
tens, etc. In a group of numbers arranged in this manner, 
each vertical row is said to forma column. From the fact that 
addition takes place up or down these vertical columns, this 
method of addition is called vertical addition to distin- 
guish it from horizontal addition, explained later. 

The number of columns in a group will depend on the num- 
ber of figures in each horizontal line. To find the sum of the 
figures in these columns proceed as in the following rule: 


Rule.—I. When adding numbers, begin at the right, add 
each column separately, and write the sum, if it is only one 
figure, under the column added. 


Il. Jf the sum of any column consists of two or more 
figures, write down the right-hand figure of the sum under that 
4 * 


TABLE I 
ADDITION TABLE 


rand ris 
tand 2is 
rand 3is 
rand 4is 
tand 5is 
Iand 6is 
Iand 7is 
Iand 8is 
Iand gis 
I and Io is 
I and If is 12 
I and 12 is 13 


COO ON AUHW DN 


ee 
~ 


5and tris 
sand 2is 
Rerel 256 
Sand 4is 
5and 5is10 
5and 6is II 
5and 7is 12 
sand 8is13 
5and gis 14 
5 and Io is 15 
5 and II is 16 
5 and 12 is 17 


cont OF 


Ke) 


gand Iris10 
gand 2is If 
gand 3is 12 
gand 4is13 
gand 5is 14 
gand 6is 15 
gand 7is 16 
gand 8is17 
gand gis 18 
g and 10 is 19 
g and II is 20 
9 and 12 is 21 


2and tis 
2and 2is 
2and 3is 
2and 4is 
2and 5is 
2and 6is 
2and 7 is 
2and 8is1 
2and gisiII 
2 and 10 is 12 
2and If is 13 
2and 12 is 14 


CODON AMR 


Gand Sis 7 
6and 2is 8 
6and 3is 9 
6'and 4 is 10 
6and 5isII 
6and 6is 12 
6and 7 is 13 
6and 8is 14 
6and 9g is 15 
6 and 10 is 16 
6 and 11 is 17 
6 and 12 is 18 


Ioand Lis ir 
toand 216 12 
loand 3is13 
toand 4is 14 
toand 5 is 15 
toand 6is 16 
toand 7is 17 
Ioand 8is 18 
ioand gis I9 
10 and 10 is 20 
10 and II is 21 
10 and 12 is 22 


3and 1is 
3and 2is 
3and 3is 
3and 4is 
3and. 5 is 
3and 6is 9 
3and 7 is 10 
3and 8isiItI 
3and gis 12 
3 and Io is 13 
3and II is 14 
3and 12 is 15 


ON Amn 


7and ris 8 
yvand 2is 9 
7and 3is 10 
7and 4is II 
7and 5is 12 
7and 6is 13 
vand 7is 14 
7and 8is 15 
7and 9 is 16 
7 and I0 is 17 
7 and 11 is 18 
7and 12 is 19 


Irand lis 12 
Itand 2is 13 
Irtand 3is 14 
Irtand 4is15 
Irand 5 is 16 
Irand 6is17 
Irand 7is 18 
Irand 8is19g 
Irand gis 20 
II and Io is 21 
It and 11 is 22 
Il and 12 is 23 


4and tris 
4and 2is 
4and 3is 
4and 4is 
gand 5 is 
4and 6is 10 
gand 7is II 
gand 8is 12 
4and gis 13 
4and 10 is 14 
4and Il is I5 
4and 12 is 16 


On AN 


Ke) 


8and Iis 9 
8and 2isIo 
8and 3is II 
8and 4is12 
8and 5is13 
8and 6is 14 
8and 7is 15 
8and 8 is 16 
8and 9isI7 
8 and Io is 18 
8 and II is 19 
8 and 12 is 20 


Izand 1ris13 
Izand 2is 14 
Izand 3is1I5 
Izand 4is 16 
I2and 5is17 
Izand 6is18 
Izand 7 is 19 
Iz2and 8 is 20 
Iz2and 9 is 21 
12 and I0 is 22 
12 and 11 is 23 
12 and 12 is 24 
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column and add the remaining figure or figures to the next 
column. 


22. Examples of Addition.—The application of the 
preceding rule is shown in the following examples: 


Example 1,—Find the sum of 131, 222, 21, 2, and 413. 


Sotution.—After placing the numbers in the proper order, begin 
at the bottom of the units column and add in 


accordance with part I of the rule. Thus, 3 and 2 131 
is 5; 5 and 1 is 6; 6 and 2 is 8; 8 and 1 is 9. 222 
Write 9 in the units place of the sum. Proceed in 21 
a like manner with the second and third columns, 2 
thus finding the number 8 for the tens place and 413 


7 for the hundreds place in the sum. The sum is sy. 789 Ans. 
therefore 789. 

The result obtained in solving an example is called the 
answer; as shown in the preceding example, the word is 
written in the short form Ans, 


EXAMPLE 2.—Find the sum of 425, 36, 9,215, 4, and 907. 


So_ution.—Write the numbers as shown, and beginning with the 
bottom of the right-hand column, add in the following manner, which 
is shorter than that used in the preceding example, as the successive 
sums are not repeated. Thus, instead of 7 and 4 is 11; 11 and 5 is 16, 
etc. we have: 7 and 4 is 11 and 5 is 16 and 


6 is 22 and 5 is 27. In accordance with part II 425 
of the rule, write 7 in the units place in the 36 
sum and carry 2 to the tens column. The 9215 
term carry means in this case that a figure 4 
such as 2, is transferred from one column 907 
to the next one and added to it. Then, sums 10587 tAns. 


2 and 1 is 3 and 3 is 6 and 2 is 8. Write 8 in 

the tens place in the sum, and add the next, or hundreds, column; 
9 and 2 is 11 and 4 is 15. Write 5 in the hundreds place in the sum, 
carry 1 to the thousands place, and add to 9, making 10 to place in the 
sum; 0 is written in the thousands place and 1 in the tens of thousands 
place. The sum is therefore 10,587. 


23. Method of Checking Addition.—A good plan, 
especially when adding several large numbers, is to record the 
sum of each column plus the number carried, so that the addi- 
tion can be readily tested, or checked, by adding again. 


<q ® 
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ExampLe.—Add 7,329, 8,564, 9,238, 76,563, 6,417, 36,849, and 58,790. 
SoLtution.—The columns are added as be- 


fore explained, and each sum is recorded in 7329 

some convenient place for reference. 46 is 8564 46 
the sum of the numbers in the units column, 9238 35 
35 the sum of the numbers in the tens column 76563 37 
plus the 4 tens carried, and so on. The final 6417 53 
sum is given by writing the last sum, 20, and 36849 20 
following it with the last figure of each of 58796 


the other sums, 3, 7, 5, 6, giving the total sum sum 203756 Ans. 
203,756. 

These records of the sums of separate columns are often useful in 
proving the correctness of the addition. 


24. Proof.—To prove addition, add each column from top 
to bottom. If the same result is obtained as by adding from 
bottom to top, the work is probably correct. 


25. Addition of Long Columns.—The following 
method of addition is useful when adding long columns: 
ExAmPpLe—Find the sum of 425, 36, 9,215, 4, and 907. 


SoLutTion.—Beginning with the bottom of the right-hand column, 
add as follows: 7 and 4 is ll 


and 5 is 16 and 6 is 22 and 5 is 425 
27. The first partial sum is 27 36 
and is written as shown. The 9215 
sum of the numbers in the . 4 
second, or tens, column is 6 907 
tens, or 60, which is the second first partial sum 27: 
partial sum. Write 60 under- second partial sum 60 
neath 27, as shown. The sum third partial sum 1500 
of the numbers in the third, or fourth partial sum 9000 


hundreds, column, is 1,500, 
which is the third partial sum, sum 10587 Ans. 
Write 1500 under the two preceding partial sums as shown. There is 
only one number in the fourth, or thousands, column, 9, which repre- 
sents 9,000. Write 9000 as the fourth partial sum under the preceding 
sums. Adding the four partial sums, the sum is 10,587, which is the 
sum of 425, 36, 9,215, 4, and 907. 


26. Mental Addition.—Iln adding a column containing, 
for instance, the figures 5, 6, 1, 9, 7, 5, 2, 4, 8, 9 it is permissible, 
before one becomes familiar with the process of addition, to 
proceed as follows: 5 and 6 is 11; 11 and 1 is 12; 12 and 9 
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is 21; and so forth, until all the figures in the column are 
included in the sum. 

After one becomes more experienced the addition should be 
performed, mentally, in ‘such a manner that only the successive 
sums are recorded in the mind, as the eye momentarily rests on 
one figure after another. Thus, the addition of the preceding 
figures would be: 5, 11, 12, 21, 28, 33, 35, 39, 47, 56. 

This abbreviated method of adding may appear more difficult 
in the beginning, but it will pay to persevere until one becomes 
fully familiar with it. Adding aloud should be avoided under 
all circumstances. 


EXAMPLES FOR PRACTICE 


1. Find the sums of the following numbers: 


(a) 104+203+613+214. (a) 1,134 
(b) 1,875+3,143+5,826+ 10,832. (b) 21,676 
(c) 4,865+2,145+8,173+40,084. Ans.) (¢) 55,267 
(d) 14,204+8,173+1,065+10,042, (d) 33,484 


2. Four castings have the following weights: 3,265, 1,092, 748, and 
2,587 pounds (abbreviated lb.). What is their combined weight? 
Ans. 7,692 lb. 


3. The monthly output of a shop manufacturing a line of small tools 
was as follows: January, 8,502; February, 8,748; March, 9,215; April, 
9,770; May, 10,269; June, 12,184. What was the total output in the six 
months? Ans. 58,688 


4, The number of pounds of coal burned in a power plant each day 
during a week was as follows: Monday, 1,800; Tuesday, 1,655; 
Wednesday, 1,725; Thursday, 1,690; Friday, 1,648; and Saturday, 1,020. 
How much coal was burned during the week? Ans, 9,538 lb. 


5. A piece of land has three sides, which are respectively 375 feet 
(abbreviated ft.), 980 feet, and 760 feet long. What is the length of 
the fence that will be needed to enclose it? Ans. 2,115 ft. 


6. During the first week of the month a mill received supplies 
valued at 3,475 dollars; the supplies furnished during the second, third, 
and fourth weeks were worth 2,950, 4,380, and 4,895 dollars, respectively. 
What was the total value of the supplies received for the month? 

Ans. 15,700 dollars 


ae 
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7. One day’s report of a small creamery operating four stations 
shows the weight, in pounds, of milk and cream received, as follows: 


Sta. 1 Sta. 2 Stans Sta. 4 

Milk sree arco verano nieuvets 2,833 2,718 3,054 2,967 

CLEAMIS Sekine s ceils ae 1,376 1,271 ESS 1,334 

How many pounds of milk and how many pounds of cream were 
received by the creamery on that day? ree ("5496 Ib. of milk 

“| 5,496 lb. of cream 


8. On a three-day trip a ship covers 360 miles on the first day, 
362 miles on the second day, and 359 miles on the third day; what was 
the total distance covered? Ans. 1,081 miles 


9. A pump operated 2 hours and 45 minutes to empty a tank filled 
with water. The meter readings showed that 4,200 gallons (abbreviated 
gal.) were removed during the first hour, 5,420 during the second hour, 
and 3,600 during the last 45 minutes. How many gallons of water did 
the tank contain originally? Ans. 13,220 gal. 


10. A heating, ventilating, and plumbing firm completes three con- 
tracts. The payment received on the first contract was 2,560 dollars, 
on the second 3,125 dollars, and on the third 2,850 dollars. How much 
was received in all? Ans. 8,535 dollars 


HORIZONTAL ADDITION 


27. Explanation of Method.—Very often examples are 
met with that require crosswise addition of numbers standing in 
different columns or on a line with one another, as well as the 
ordinary up-and-down addition of numbers arranged in verti- 
cal columns. Because this involves picking out from each num- 
ber in succession the single figure desired, while retaining in 
mind the partial total already obtained, besides being a method 
that is unfamiliar, this kind of addition is likely to cause diffi- 
culty unless practice is given to it and the closest attention paid 
to accuracy. 

To illustrate the process required, take the following num- 
bers to be added as they stand, without arrangement in columns: 
123+ 567 +792+221 +546 =2,249. 

First take the right-hand figure of each number in turn. 
beginning at the right and ignoring all the other figures. Add 
as in ordinary addition, thus obtaining 7, 9, 16, 19. Place 
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the 9 as the units figure in the sum and add the tens. Be very 
careful about picking out the tens figure of each number with- 
out losing sight of the partial total in mind. Thus, 1 (carried), 
5, 7, 16, 22, 24. Put’ down 4 and carry 2. Pick out the 
hundreds and add them; 2 (carried), 7, 9, 16, 21, 22. 

Care must be taken to keep in mind the kind of figure that is 
being added, whether tens, hundreds, etc., as it is easy to err 
and add the tens figure of one column, for instance, to the 
hundreds figure of the next, if care is not exercised. Practice 
will make it easier to choose the right figures. 

The following example shows the usual grouping of numbers 
that require horizontal addition: 


ExAmMPLe.—Add the following numbers crosswise, then add the 
results: 


ToTaLs 

29,680 56,318 73,267 159,265 
9,297 89,219 54,298 152,814 
76,351 34,876 47,695 158,922 
2,987 73,187 47;187 123,361 
29,864 69,785 39,284 138,933 
37,279 11,567 36,684 85,530 
59,812 71,091 29,345 160,248 
67,677 64,597 55,641 187,915 
45,328 99,873 67,298 212,499 
87,875 62,144 76,541 226,560 


Grand total, 1,606,047 

28. Proof.—To prove results in horizontal addition, add 
each column vertically, then add the sums of the vertical 
columns. The result should be the same as the sum of the hori- 
zontal totals. In the example just given, the total of the first 
column is 446,150, that of the second 632,657, and that of the 
third 527,240. The sum of these three totals is 1,606,047, the 
same as that of the horizontal totals. 

Since it is so easy to make mistakes in examples of this kind 
it is well worth while to verify results in every case; in fact, 
the student should accustom himself in his practice work to 
prove his results in this manner. 


29. Practical Example.—The advantages derived from 
the ability to perform horizontal addition may be seen from the 


q#* 
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succeeding table, which is an example of a great number of 
similar ones required in government statistical work. The table 
is supposed to give, by days, the grain exports, in bushels, of a 
certain city for 1 week; it is desired to find the totals in both 
directions and the grand total. These totals represent the 
amount of grain exported each day, the total amount of each 
kind of grain exported during the week, and, finally, the total 


amount of grain exported during the week. 


GRAIN Export or A City For 1 WEEK, IN BUSHELS 


Mon. Tues. Wed. Thur. Fri. Sat. Total 
Gariipeasant 28,325 | 15,236 | 35,715 | 29,128 | 75,183 | 46,217 | **** 
Wheat ..... 35,719 | 41,719 | 50,108 | 32,546 | 59,275 | 81,126 | ****** 
Oates’ 12,136 | 9,237 | 18,265 | 7,268 | 6,950 | 17,230 | *** 
Barley | 18,230 | 15,738 | 21,375 | 15,928 | 19,263 | 13,637 | #eeeR* 
Rye. MinGe. 5,275 | 6,829 | 7,201 | 11,325 | 7,825 | 13,261 | *** 
Motalse seme: RCE ak AK KK eK aK do | oko 


The student should find the totals, and prove that the results 
are correct by adding the totals in the right-hand column, and 
then adding the totals in the bottom row; the two results should 
be the same, or 757,270 bushels. The other results are: 
Corn, 229,804; wheat, 300,493; oats, 71,086; barley, 104,171; 
rye, 51,716; Mon. 99,685; Tues., 88,759; Wed., 132,664; 
Thurs., 96,195; Fri., 168,496; Sat., 171,471. 


EXAMPLES FOR PRACTICE 


1, Find the sum of each of the following columns, then add them 
crosswise and at last add the results of the horizontal addition: 


(a) (b) (c) 
4568 15431 7386 
E39 29685 AS 37 
7854 73648 13764 

53469 34519 9887 
13470 78234 64348 
58143 7843 14627 


Ans.: 


(a) 144,895; (b) 239,360; (c) 155,383; grand total, 539,638. 
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2. Add the following numbers crosswise, then add the results: 


(a) (b) (c) 
49850 6542 , 62165 
17370 63834 MO 
68429 76343 85696 
23156 80931 71883 _—————- 
21017 79883 50149 -——-+ 
67154 83578 Sulvor 2 —— 
64353 35647 76844 a 


Grand total, 1,133,128 


SUBTRACTION 


30. Definitions.—The process of subtraction is just 
the opposite of that of addition. Instead of combining two 
numbers to find their value taken together, to subtract is to take 
away a specified number of units from a given number and find 
out how many units remain. Thus, 9 and 7 taken together 
make 16. Now, if the operation is reversed to find how many 
units are left after taking 9 units from 16 units, the process is 
subtraction. As it is known that to add 9 to 7 gives 16, it is 
clear that to take the 9 away from 16 leaves 7. 

In subtraction but two numbers can be used at a time, and 
the smaller number is taken from the larger in every case. 

The number to be reduced is called the minuend; the one 
to be taken away, the subtrahend; the number left after the 
subtraction is performed, the difference. The sign of sub- 
traction is —, read minus. 12—7 is read twelve minus seven, 
and means that 7 is to be taken from 12. 


31. Method of Subtraction.—The manner in which 
subtraction is carried out is illustrated in the following solu- 
tions : 

ExaMp_e—From 7,568 take 3,425. 


Sotution.—The larger number is written above the smaller number, 
and a line is drawn below them. The remainder is placed below this 
line, thus: 

minuend 7568 
subtrahend 3425 


difference 4143 Ans. 
IL T 300—3 Gaal 
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ExpLaANATION.—Begin at the right-hand, or units, column and sub- 
tract in succession each figure in the subtrahend from the one directly 
above it in the minuend, and write the remainders below the line. The 
result is the entire remainder. 


32. When there are more figures in the minuend than in 
the subtrahend, and when some figures in the minuend are 
less than the figures directly under them in the subtrahend, 
proceed as in the following example: 


ExaMp.Le 1.—From 8,453 take 844. 


SoLUTION.— minuend 8453 
subtrahend 844 


remainder 7609 Ans. 


ExpLaNATION.—Begin at the right-hand, or units, column to suotract. 
As 4 cannot be taken from 3, it is necessary to take 1 from 5 in the 
tens column and prefix it to the 3 in the units column. The 1 taken 
from the tens column is equal to 10 units, which added to the 3 in the 
units column gives a sum of 10+3=13 units. 4 from 13=9, which is 
the first, or units, figure in the remainder. 

As 1 was taken from 5, only 4 remains; then, 4 from 4=0, which is 
the second, or tens, figure. As 8 cannot be taken from 4, it is necessary 
to take 1 from 8 in the thousands column. Since 1 thousand=10 hun- 
dreds, it follows that 10 hundreds+4 hundreds=14 hundreds, and that 
8 from 14 leaves 6 as the third, or hundreds, figure in the remainder. 

As 1 was taken from 8, only 7 remains, from which there is nothing 
to subtract; therefore, 7 is the next figure in the remainder, thus com- 
pleting the answer. 

The operation of taking 1 away from one of the figures in the 
minuend is performed by mentally placing 1 before the figure following 
the one from which it is taken. For example, the 1 taken from 5 is 
placed before 3, making it 13, from which 4 is subtracted. The 1 taken 
from 8 is placed before 4, making 14, from which 8 is subtracted. 


Examp Le 2.—Out of 306 pieces of work inspected, 14 were rejected as 
being too small. How many pieces were passed by the inspector? 


SeLutien.—The number of pieces passed by the inspector is the 
difference between 306 and 14. The subtraction is as follows: 


306 
14 


292 Ans 


EXPLANATION.—The first step is to subtract 4 from 6, leaving 2 as a 
remainder, which is set down. Now, 1 cannot be taken from 0; so, 1 is 
taken from the 3 and brought over to add to the 0. But, the 1 taken 
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from 3 has a value 10 times as great as it would have in the position of 
the cipher, according to Arts. 11 and 12. Therefore, 10 is added to 
the cipher, making 10, and the 3 becomes decreased to 2. The minuend 
might then be written as in the following: 


10 


The remainder of the solution is easy; 1 from 10 leaves 9, and noth- 
ing from 2 leaves 2. Hence, 292 pieces were passed by the inspector. It 
is not customary to rewrite the minuend as here shown; instead, the 
taking of 1 from the 3 is done mentally. 


Examep_e 3.—From a stock of 20,000 small machine parts 8,763 were 
used. How many remained? 
SoLution.—To find how many remained, subtract the number used 
from the total stock, thus: 
20000 
8763 


LUA GA INS 


ExpLANATION.—As 3 cannot be taken from 0 in the units column, the 
attempt is made to borrow 1 from the tens column, so as to obtain 
10 units. But there are no tens, and on going, successively, to the hun- 
dreds column and to the thousands column, a cipher is found in each 
case. It is not until the ten-thousands place is reached that a number 
greater than zero is found—2 in this case. It is now necessary to take 
1 ten-thousand, or 10 thousands, from the 2 and add it to the 0 thou- 
sands, giving 10+0=10 thousands; but it is necessary to continue the 
borrowing and to take 1 thousand, or 10 hundred, away from the 10 
thousands and add it to the hundreds column, leaving a remainder of 
10—1=9 thousands. Adding 10 hundreds to 0 hundreds gives a sum of 
10 hundreds. But 1 hundred, or 10 tens, must be taken away from the 
hundreds to add to 0 tens, leaving 10—1=9 hundreds. 

Adding 1 hundred, or 10 tens, to 0 tens, the sum is 10 tens. Finally, 
1 ten, or 10 units, must be taken from the 10 tens to be added to the 
0 unit, giving 10 units as the sum. The minuend might now be written 
as in the following: 

10 
19990 
8763 


Us Sa 


Then, 3 from 10 leaves 7; 6 from 9 leaves 3; 7 from 9 leaves 2; 
8 from 9 leaves 1; and nothing from 1 leaves 1. Usually the taking of 


{ ? 
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1 unit from the several places is done mentally, and is not written down 
as shown. 


33. Rule for Subtraction.—Using the preceding expla- 
nations as a basis the following rule may be formed: 


Rule.—When subtracting, write the subtrahend under the 
minuend with units under units, tens under tens, etc., and draw 
a horizontal line beneath the subtrahend. 

Subtract units of the subtrahend from units of the nunuend, 
tens from tens, etc., writing the remainders beneath the line in 
the order in which they are obtained. 

If any figure in the minuend represents a smaller number 
than the figure beneath, borrow 1 from the preceding number 
and add 10 to the smaller number ; then subtract the lower num- 
ber from the sum. 


34. Proof.—To prove an example in subtraction, add 
the remainder to the subtrahend. The sum should equal the 
minuend. If it does not, a mistake has been made, and the 
work should be done over. 

Proof of example 3, Art. 32. 


8763 
WATS} 7/ 


20000 


35. General Remarks on Subtraction.—The student 
should practice finding the differences between small numbers, 
until he is able to name with ease and rapidity the difference 
between any two numbers less than ten. A special subtraction 
table is not required for this purpose, as the addition table can 
be referred to in case of necessity. For instance, according to 
the table the sum of 7 and 6 is 13. It follows, that if either one 
of the numbers 7 and 6 is subtracted from 13, the other number 
must be equal to the remainder. Thus, on subtracting 6 from 
13, the remainder is 7. If 7 is subtracted from 13, then 6 is 
the remainder. In the same manner, it is found that 8 from 
16 leaves 8, 9 from 13 leaves 4. 

It will be a great help to the student if he at odd moments, 
while walking or working, will mentally reverse the addition 
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table and use it as a subtraction table. For instance, instead 
of saying to himself, 6 and 5 is 11, let him ask, 6 from 11 is 
how much? 9 from 17 is what? etc., and in a short time the 
right answer will present itself without any mental effort 
whatever. 


EXAMPLES FOR PRACTICE 


1. From: A 
(a) 94,278 take 62,574. [ (a) 31,704 
(b) 53,714 take 25,824. (b) 27,890 
(c) 71,832 take 58,109, Ans.} (2) 13,723 
(d) 20,804 take 10,408. [ (4) 10,396 


2. A shop employing 3,214 hands was forced to lay off 736 of them. 
What number was left? Ans. 2,478 


3. A casting weighing 2,785 pounds was poured from a ladle con- 
taining 4,210 pounds of metal. How many pounds remained, in the 
ladle to be used for other castings? Ans. 1,425 lb. 


4. If an electric meter registers 7,968 watt-hours at one reading, and 
10,430 at the next reading, how many watt-hours were used by the 
customer between the two readings? Ans. 2,462 watt-hours 


Note.—A watt-hour is the unit by which electric power is measured. 


5. On January 1 a power plant had 19,860 tons of coal on hand. 
During the entire month 3,100 tons were consumed; how much coal 
was on hand February 1? Ans. 16,760 tons 


6. The total weight of a mine car loaded with coal is 4,326 pounds. 
If the empty car weighs 1,564 pounds, what is the weight of the coal? 
Ans. 2,762 lb. 


7. In setting out the boundary line of a piece of land, it is found 
that at one point of the line the distance from the starting point is 
385 feet. At another point of the same line the distance from the 
starting point is 1,065 feet. What is the distance between the two 
points? Ans. 680 ft. 


8. On completing a piece of work it was found that out of a stock 
of 1,087 pounds of pipe fittings there remained a quantity of 259 pounds. 
How many pounds were used? Ans. 778 |b. 


9. During a certain month, a textile mill purchased wool valued at 
5,642 dollars and cotton costing 3,834 dollars. How much greater was 
the expenditure for wool than for cotton? Ans. 1,808 dollars 
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10. The distance between New York City and Liverpool, England, 
is 3,166 nautical miles. If a ship sailing for England has covered 
1,275 miles of this distance, how far is it from Liverpool? 

Ans. 1,891 miles 


Note.—A nautical mile differs from a statute mile. The former contains 
6,080 feet, the latter only 5,280 feet. 


MULTIPLICATION 


36. Definitions.—Multiplication is merely a short- 
ened process of addition, used when the sum of a group of 
equal numbers is to be found. To multiply a number is to 
add it to itself a certain number of times. For mstance, suppose 
the sum is required that results from using the number 4 
three times in the process of addition. By the method of 
addition it is easy to see that 4+4+4=12. But, suppose it is 
desired to take the number 13,976 ninety-nine times. It would 
be a long, tedious process to find the desired result by additron, 
so the need of a shorter method is imperative. Multiplication 
meets this need. By its means it is possible to find the result 
of taking any number as many times as desired. 


37. The number that is to be added to itself, or the number 
to be multiplied, is called the multiplicand. 

The number that shows how many times the multiplicand is 
to be taken, or the number by which we multiply, is called the 
multiplier. 

The sign of multiplication is X. It is read times or mul- 
tiplied by. Thus 9X6 is read 9 times 6, or 9 multiplied by 6. 


38. The result obtained by multiplying is called the prod- 
uct. Thus, 40X8=320 is read 40 multiplied by 8 equals 320, 
or 40 times § equals 320. In this example, 40 is the multipli- 
cand, 8 the multiplier, and 320 the product. 

The product of several numbers is the same, whatever may 
be the order in which they are multiplied; thus, 4K3xX2=24, 
4X2X3=24, and 3X4X2=24, etc. 

The two or more numbers that, when multiplied together 
produce a product, are said to be the factors of that product. 
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Thus, 2, 3, and 4 are factors of 24; 5, 6, and 3 are factors of 
90; and so on. 


39. Practicing Maltlication. In Table II, the prod- 
uct of any two numbers (neither of which exceeds 12) may 
be found. The table should be carefully committed to memory. 
This is especially important, as successful future work depends 
largely on the student’s ability to name promptly these products 
in any order. Study one section at a time until the product of 
any pair of numbers can be given at once; then go to the next 
section. Review the sections repeatedly. 

Any number multiplied by 1 gives a product equal to the 
number itself, as indicated in the first line of each section of 
the table. 


40. Rule for Multiplication.—To multiply numbers 
larger than those given in Table II proceed according to the 
following rule and examples: 


Rule.—I. When multiplying, write ihe multiplier under 
the multiplicand, so that units are under units, tens under 
tens, etc. 

It. Begin at the right, and multiply the multiplicand by the 
figures of the multiplier, taken in succession, placing the right- 
hand figure of each partial product directly under the figure 
used as a multiplier. 

III. The sum of the partial products will be the required 
product. 


41. To Multiply by a Number of One Figure Only. 
The application of the preceding rule to multiplication by one 
figure will be shown by the following example and solution: 

ExampLe.—Multiply 425 by 5. 


SoLtution.—According to part I of the rule, the multiplier 5 is writ- 
ten under the figure 5 of the multiplicand. On looking in the multipli- 
cation table, it is seen that 5X5=25, of 


which the figure 5 is written in the multiplicand 425 
product directly under 5 in the multi- multiplier 5 
plier and 2 is carried, or ‘added to the product 2125 Ans. 


product of 5X2; thus, 5X2+2=12, of 
which the figure 2 is written ti the product and 1 is carried, that is, 
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added to the product of 5X4. Thus, 5X4=20 and 20+1=21, both 
figures being written in the product because all the figures of the mul- 
tiplicand have been used. The work is now complete and the product 
1Se2 eos 
This result can also be obtained by adding 425 five times; thus, 

425 

425 

425 

425 

425 


sum. 2125 Ans. 


42. To Multiply by a Number of Two or More 
Figures.—The following example and solution shows the 
application of the rule, Art. 40, to cases in which the mul- 
tiplier has two or more figures: 


ExampLe.—Multiply 475 by 234. 


So_ution.—Proceeding according to part II of the rule, 4X5=20, of 
which 0 is written in the first partial product and 2 is carried; 4X7=28 
and 28+2=30, of which 0 is written as the next figure of the first 

i nd 3 is car- 
ar Hes ate ASE! ae 
which completes the first par- multiplier 234 
tial product, 1,900. Using the first partial product 1900 
next figure of the multiplier, second partial product 1425 
3X5=15, of which 5 is writ- third partial product 950 
ten directly under 3 as the Soars alan 
first figure of the second par- pe ee 
tial product and 1 is carried; 3X7=21 and 21+1=22, of which 2 is 
written in the second partial product and 2 is carried; 3X4=12 and 
12+2=14, which completes the second partial product, 1,425. Using 
the last figure, 2, of the multiplier, 2X5=10, of which 0 is written 
directly under 2 as the first figure of the third partial product and 1 is 
carried; 2X7=14 and 14+1=15, of which 5 is written as the second 
figure of the third partial product and 1 is carried, or added, to the 
product of 2X4, or 8, making 9, which figure completes the third partial 
product, 950. According to part III of the rule, the sum of the three 
partial products gives. the total product, 111,150. 


43. Proof.—To prove the correctness of multiplication, 
review the work carefully, or multiply the multiplier by the mul- 
tiplicand. If the same product is obtained, the work ts 
probably correct. 


I is 
2is 
3 is 
4 is 
5 is 
6 is 
7 is 
8 is 
gis 9 
Iois 10 
Ilis II 
T2S a2 


I times 
I times 
I times 
1 times 
I times 
I times 
I times 
1 times 
I times 
I times 
I times 
1 times 


on AM BOW N # 


TABLE II - 
MULTIPLICATION TABLE 


= 


2 times 

2times 2 is 
2times 3 is 
2 times 4 is 
2 times 5 is 
2 times 6is 
2 times 7 is 
2 times 8 is 
2 times 9 is 
2 tires 10 is 
2 times 11 is 
2 times 12 is 


I is 


14 
16 
18 
20 
22 


24 


3 times 1 is 
3 times 2is 6 
3 times 3is 9 
3 times 4is 12 
3 times 5is I5 
3 times 6is 18 
3 times 7 is 21 
3 times 8is 24 
3 times Qis 27 
3 times 10 is 30 
3 times II is 33 
3 times 12 is 36 


3 


I is 
2 is 
Gia 
4is 16 
5 is 20 
6is 24 
Tism2s 
4 times 8is 32 
4 times 9 is 36 
4 times 10 is 40 
4 times II is 44 
4 times 12 is 48 


4 times 
4, times 
4 times 
4 times 
4 times 
4 times 
4 times 


4 
8 


5 times 1 is 
5 times 2 is 
5 times 3 is 
5 times 4 is 
5 times 5 is 
5 times 6 is 
5 times 7 is 
5 times 8 is 
5 times 9 is 
5 times 10 is 
5 times 11 is 
5 times 12 is 


tis 
2is 
3 is 
4 is 
5 is 
6 is 


6 times 
6 times 
6 times 
6 times 
6 tirhes 
6 times 
6 times 7 is 
6 times 8 is 
6 times gis 
6 times 10 is 
6 times II is 
6 times I2 is 


Ra 2% 
2is 14 
Bis Dir 
4is 28 
53s 35 
6is 42 
7is 49 
7 times 8is 56 
7 times gis 63 
7 times 10 is 70 
7 times Il is 77 
7 times 12 is 84 


7 times 
7 times 
7 titnes 
7 times 
7 times 
7 times 
7 times 


9 times 1 is 
g times 2 is 
g times 3 is 
g times 4 is 
9 times 5 is 
g times 6 is 
g times 7 is 
g times 8 is 
gtimes 9 is 
9 times 10 is 
g times Il is 99 
g times 12 is 108 


I is 
2 is 
3 is 
4 is 
5 is 
6 is 
7 is 


10 times 
ro times 
ro times 
Io times 
Io times 
ro times 
Io times 
10 times 8is 80 
Io times gis 90 
10 times 10 is 100 
10 times Ii is IIO 
to times 12 is 120 


20 
30 
40 
50 
60 
70 


II times Lis II 
II times 2is 22 
Ir times 3is 33 
Ir times 4is 44 
Ir times 5is 55 
II times 6is 66 
Ir times 71s 77 
II times 8is 88 
Ir times gis 99 
II times 10 is IIO 
II times II is I21 


II times 12 is 132 


ris 8 
2is 16 
Sse. 
4is 32 
5is 40 
6is 48 
7is 56 
8 times 8is 64 
8 times gis 72 
8 times 10 is 80 
8 times II is 88 
8 times 12 is 96 


8 times 
8 times 
8 times 
8 times 
8 times 
8 times 
8 times 


aS 1 
2s- 24 
3is 36 
4is 48 
5is 60 
6is 72 
7is 84 


12 times 
12 times 
12 times 
12 times 
12 times 
12 times 
12 times 
12 times 8is 96 
12 times 9 is 108 
12 times 10 is 120 
12 times II is 132 
12 times 12 is 144 


——————aaaaaamamEEmaEamamQamqaqauquqoeee eee ees a 
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44, Ciphers as Multipliers.—When there is a cipher 
in the multiplier, multiply by it the same as with the other 
figures. Thus, 


(a) (b) (c) (d) 
0 2 18 708 
x0 x0 x 0 xX 9 
0 Ans. QO Ans. 00 Ans. 000 Ans. 
(e) CP (g) 
3114 4008 31264 
203 305 1002 
9342 20040 62528 
0000 0000 00000 
6228 12024 00000 
65042" Ane, 1222440 Ans. 31264 


31326328 sow 


45. When multiplying by a number containing one or 
more ciphers, the work may be shortened by simply writing 
the first cipher of a partial product in its proper place and the 
next partial product alongside it. For example, the solutions 
to examples (¢) and (g) in the preceding article may be writ- 
ten as follows: 


3104 31264 

203 1002 

9342 62528 
62280 3126400 
632142 Ans. STS9GSoR Aas, 


46. If there are ciphers at the right-hand end of the mul- 
tiplier, they need not-be used in the multiplication, but may be 
carried down to the product. 

Exampie.—Multiply 2,675 by 3,900. 


SoLuTION.— 2675 
3900 


24075 
8025 


10432500 Ans. 


ExpLanation.—In a case like this, the multiplier is written so that 
the ciphers at its right extend to the right of the units figure in the 
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multiplicand. These two ciphers are brought down vertically to the end 
of the product of 2,675 and 39. 

47. Ciphers in the Multiplicand.—If there are ciphers 
at the end of the multiplicand, the procedure is similar in all 
respects to that explained in Art. 46; thus, to multiply 4,907,- 
600 by 487 proceed as follows: 


4907600 
487 


BADIOeZ 
392608 
196304 


2390001200 Ans. 


If both multiplicand and multiplier end in ciphers, place the 
right-hand digits, or figures that are not ciphers, under each 
other, as above, and add to the product a number of ciphers 
equal to the sum of the ciphers contained in the multiplicand 
and the multiplier on the right of their right-hand digits. 


ExamepLe—Multiply 590,000 by 420. 


SoLuTION.— 590000 
420 


118 
236 


247800000 Ans. 


ExPpLANATION.—In this case there are, in all, 5 ciphers on the right 
of the right-hand digits in the multiplicand and the multiplier. There- 
fore, there must be 5 ciphers on the right of the right-hand digit in the 


product. 


EXAMPLES FOR PRACTICE 


1. Find the product of the following: 


(a) 61,4836. (a) 368,898 
(b) 12,375XS. (6) 61.875 
(c) 4,836X47. (c) 227,292 
(d) 3,257X246. Ans.) (4) 301,222 
(e) 2,875X302. (c) 868,250 
(f)  17,819X 1,004. (f) 17,890,276 


2. A certain machine is capable of turning out 48 finished pieces of 
work in a day. At this rate, find the output of the machine in one year 
of 296 working days. tana Ans. 14,208 
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3. What is the total weight of cast iron in 649 pumps, if the amount 
of iron in each pump weighs 37 pounds? Ans. 24,013 pounds 


4. A ranchman owns 945 head of cattle, valued at 117 dollars a 
head; how much are they all worth? Ans. 110,565 dollars 


5. A certain mill contains 1,830 looms, each of which produces 175 
yards (abbreviated yd.) of cloth per week; what is the total production? 
Ans. 320,250 yd. 


6. A machine turns out 50 finished pieces of work in a day. What 
would be the output of the machine in one year of 306 working days? 
Ans. 15,300 pieces 


7. In a month of 30 days, how many miles can be run by a ship 
that averages 432 miles per day? — Ans. 12,960 miles 


8. A water-tube boiler containing 144 tubes needs to be fitted with 
new tubes. Assuming the cost for each tube to be 9 dollars, what will 
be the total cost for the 144 tubes? Ans. 1,296 dollars 

Nore.—A water-tube boiler is one in which the water is im the tubes, which are 


surrounded by the hot gases of combustion. In a fire-tube boiler the water sur- 
rounds the tubes, and the hot gases pass through the interior of the latter. 


9. If 40,635,000 acres of wheat produce, on an average, 13 bushels 
to the acre, what is the total yield? Ans. 528,255,000 bushels 


10. A power station has on hand 38 barrels of lubricating oil; the 
average contents of a barrel is 50 gallons. What is the total quantity on 
hand? Ans. 1,900 gallons 


DIVISION 


48. Definitions.—Division is the process of finding 
how many times one number is contained in another; or, it is 
the process of separating a number into a given number of 
equal parts. 

For instance, a brass rod, 32 inches long, is to be divided into 
short pieces, 2 inches in length. This is an example of finding 
how many times one number, in this case 2, is contained in 
another number, here 32. Or, suppose that 150 dollars is to 
be divided equally among 5 men; how much will each man 
receive? Here it is a question of separating a number, as 150, 
into a number of equal parts, corresponding to the number of 
men, 
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49, The dividend is the number to be divided, or to be 
separated into equal parts. 

The divisor is the number by which the dividend is divided. 

The quotient is the number showing how many times the 
dividend contains the divisor. 

The sign of division is +. It is read divided by. Thus, 
54=-9 denotes that 54 is to be divided by 9. Another way to 
write 54 divided by 9 is 54, Thus, 54+9=6, or54=6. 

In both of these cases 54 is the dividend, 9 is the divisor, 
and 6 is the quotient. 

Division is the reverse of multiplication, as the latter process, 
instead of separating a number into a number of equal parts, 
or factors, combines a number of equal parts into a complete 
whole. 


Notp—tThe student should study Table II again until when any prod- 
uct given therein and one of its factors are named he can immediately 
name the other factor. A good plan is to cover the second column of 
factors with a strip of paper or cardboard and recall them from memory. 
In carrying out these tests the dividends should not be taken in order, 
but selected at random; otherwise the answer will be known without 
testing one’s ability in division. 


50. Rule for Division.—To divide numbers larger than 
those given in Table II, proceed according to the following 
rule and examples: 


Rule.—I. Write the divisor at the left of the dividend, 
with a curved line between them. 

It. Begin at the left-hand end of the dividend and find 
how many times the divisor is contained in the least number 
of figures that will contain it, and write the result for the first 
figure of the quotient, separating it from the dividend by a 
curved line. 

INI. Multiply the divisor by this quotient; subtract the 
product from the partial dividend used, and to the remainder 
annex the next figure of the dividend. Divide as before, and 
thus continue until all the figures of the dividend have been 
used. 

Iv. If any partial dividend will not contain the divisor, 
write a cipher in the quotient, annex the next. figure of the 
dividend, and proceed as before. 
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Vv. If there is a remainder after the last figure of the divi- 
dend has been used, draw a straight line after the quotient and 
write this remainder above the line and the divisor below. 


51. To Divide When the Divisor Consists of But 
One Figure.—Proceed as in the following example: 


Examp_e.—What is the quotient of 861+7? 


SoLution.—The dividend and the divisor are written according to 
part I of the rule in Art. 50, and a place is provided for the quotient at 
the right of the dividend. On application of part II of the rule, it is 
found that of the figures at the left-hand end of the dividend, the one 


figure 8 is sufficient to contain the dpiioe. dlacdond eaarea 
divisor 7. As 7 is contained 1 7)861(123 Ans. 
time in the figure 8, the figure 1 7 


is written as the first figure of the Nate ais = 
quotient. According to part III partial dividend 16 

of the rule, 1X7=7, which product 14 

is written under 8 and subtracted, partial dividend 21 

leaving 1, to which is annexed the 24 

next figure, 6, of the dividend, giv- 0 

ing the new partial dividend 16. 

In this dividend 7 is contained 2 times, and 2 is written after 1 in the 
quotient. The product 2X7=14 is written under 16 and subtracted, leav- 
ing 2, to which is annexed the next figure, 1, of the dividend, giving the 
second partial dividend 21. In this dividend 7 is contained 3 times, and 
3 is written after 2 in the quotient. 3X7=21, which is written under 
21 and subtracted, leaving 0. All the figures of the dividend have now 
been used and the division is complete, the quotient being 123. 


52. To Divide When the Divisor Consists of Two or 
More Figures.—The rule in Art. 50 applies also in this case, 
its application being illustrated by means of the following 
example : 

Examprie.—Divide 2,702,839 by 63. 


SoLtution.—Applying part II of the rule, Art. 50, it is necessary to 
find the least number of figures of the dividend that will contain the 
divisor. As 63 is not.contained in 2 nor in 27, the first three figures of 
the dividend, that is, 270, must be used. To determine how many times 
63 is contained in 270, it is noted that 6 is contained in 27 4 times with a 
remainder, and 4 is tried as the first figure of the quotient. As the 
product 4X63=252 is found to be smaller than 270, it is retained and 
subtracted from the latter, giving the remainder 18. Annexing the next 
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figure, 2, of the dividend to this remainder, the first partial dividend 
182 is obtained. It is found that 63 is contained in 182 2 times with a 
remainder; so 2 is written as the second figure of the quotient. At first 
thought, it might seem that this figure should be 3, because 18+6=3; 
but 3X63=189, a number larger than 182; so 3 is too large for the 
second figure of the quotient. 2X63=126, which is written under 182 
and subtracted. To the remainder, 56, the next figure, 8, of the dividend 
is annexed, giving 568 as a new partial dividend. As 6 is contained in 
_ 56 9 times with a remainder, 63 may be assumed to be contained 9 times 
in 568, and 9: is accordingly written as the third figure of the quotient. 
9X63=567, which is written under 568 and subtracted. To the 
remainder, 1, the next figure, 3, of the dividend is annexed, giving 13, 
but 63 is not contained in 13. According to part IV of the rule, 
Art. 50, 0 is written in the quotient, and the next figure, 9, ef the 
dividend is brought down, making 139 as a new partial dividend. 
139+-63=2, with 13 remaining. Since this is the last remainder, all 
figures of the dividend having been used, 13 is written above a straight 
line after the quotient with the divisor underneath, according to part V 
of the rule. 


divisor dividend quotient 
63)2702839(4290212 Ans. 
INV 
partial dividend 182 
126 
partial dividend 568 
DIO 
partial dividend 139 
126 
remainder 13 


53. Long Division and Short Division.—When the 
process of division is carried out in full, as in the preceding 
examples, it is called long division; when shortened, or 
abridged, by performing some of the work mentally instead of 
writing it, the process is called short division. Short divi- 
sion is preferable when the divisor is not greater than 12, but 
should not be attempted before one is fully familiar with long 
division. 

In short division, only the divisor, the dividend, and the 
quotient are written, the operations being performed mentally. 
The method followed will be explained by the succeeding 


example. 


qe" 
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ExampLe.—Divide 992 by 8. 


So.ution.—The divisor is placed to the left of the dividend, as in 
long division, but the quotient is placed under the dividend, and 
separated from it by a line, as shown. The mental operation is per- 


formed as follows: The divisor 8 is con- - = 
divisor dividend 


tained in 9 1 time with 1 remaining. This 8) 99°2 
remainder is conceived to be written imme- : 
diately before the next figure, 9, of the divi- quotient 124 Ans. 


dend, as shown by 1 in small type, and 8 is 

contained in 19 2 times with 3 remaining. This remainder is con- 
ceived to be written before the next figure, 2, of the dividend, and 8 is 
contained in 32 4 times with no remainder. This completes the division, 
giving the quotient 124. 

54, Proof.—To prove division, multiply the quotient by 
the divisor, and add the remainder, if there is any, to the 
product. The result will be the dividend. Thus, the correct- 
ness of the work in the example, Art. 52, can be proved, as 
shown, by multiplying 42,902 by 63 and adding 13. The 
result is equal to the dividend. 

quotient 42902 
divisor 63 
128706 

257412 
2702826 
remainder ies 
dividend 2702839 


EXAMPLES FOR PRACTICE 
1. Divide the following: 


(a) 126,498 by 58. (a) 2,181 

(b) 3,207,594 by 767. (b) 4,182 

(c) 11,408,202 by 234. ANS.) (-) 48.753 

(d) 2,100,315 by 581. | (@) 3,615 
2. A lot of castings weigh 11,060 pounds. If they are alike, and one 
weighs 28 pounds, how many are there in the lot? Ans. 395 


3. If the driving.shaft of a machine makes 9,730 turns in 35 minutes, 
how often does it turn in 1 minute? Ans. 278 times 


4. If sound, under certain conditions, travels at the rate of 1,118 feet 
per second (abbreviated sec.), what time will be required for it to travel 
23,478 feet? Ans. 21 sec. 
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5. A steamship company pays 6,120 dollars monthly wages to 85 fire- 
men, each receiving the same amount. How much does each fireman 
receive per month? ; Ans. 72 dollars 


6. There are 5,280 feet in a mile. How many rails would it take to 
lay a double row of rails, each row 1 mile long, if the length of a rail 
is 30 feet? Ans. 352 rails 


7. How many electric lamps at 30 cents each can be purchased for 
Wcentsh © Ans. 3 lamps 


8. If 16 carloads of coal weigh 46,336 pounds, what is the weight per 
carload, assuming each car to contain the same quantity? Ans, 2,896 1b. 


9, A mill purchased cotton to the value of 12,600 dollars, at 42 dol- 
lars per bale; how many bales were purchased? Ans. 300 bales 


10. If 30 water tanks of equal size contain 25,500 gallons, when all 
are filled, how many gallons does each tank contain? Ans, 850 gal. 


COMBINATIONS OF ARITHMETICAL 
OPERATIONS 


55. Order of Operations.—The various signs used in 
arithmetical operations, such as +, —, X, and +, are known 
as Symbols. Several numbers may be connected by various 
symbols, so as to constitute a row, or a series, as, for instance, 
4+8—3X2+10+5. Such a combination of numbers and 
signs is called an expression. This expression indicates that 
the product obtained by multiplying 3 by 2 is to be subtracted 
from the sum found by adding 8 to 4. To the resulting differ- 
ence is to be added the quotient obtained by dividing 10 by 5. 

To insure correct results it is necessary that the operations 
indicated by the symbols in this and similar expressions should 
be performed in the following order : 


1. Multiplication. 
2. Division. 
3. Addition or subtraction. 


Applying this method to the preceding series, the process of 
multiplication is performed first; then, division. Thus, 3X2 


=6, and 10+5=2. The series may now be written 4+8 
IL T 300-4 oe 
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—6+2. Performing the operations indicated by the symbols 
from left to right the final result is 8. 


56. Symbol of Aggregation.—The ordinary parenthe- 
sis, ( ), is used also in arithmetical operations. It is then called 
a symbol of aggregation, the word aggregation meaning 
combination. 

A parenthesis indicates that the numbers enclosed within it 
are to be considered as a whole with respect to any preceding 
or following arithmetical symbol. It is important to note that 
the operations indicated by the sign or signs within the paren- 
thesis should be performed first. Thus, in the expression 
13 (8—3) the numbers contained within the parenthesis are 
considered as a whole, and the process of subtraction, indi- 
cated by the symbol, is to be performed before multiplication 
takes place. That is, 3 is to be taken from 8 before multi- 
plying by 13; thus, 13 (8-3) =13X5=65. 

When the parenthesis is not used, then the multiplication is 
to be performed before the subtraction, as explained in Art. 55. 
Thus, 13X8—3=104—3=101. 

Again, 2X (8—3) means 2X5=10. On removing the paren- 
thesis, thus, 2*8—3, multiplication precedes subtraction. 
Hence, 2X8= 16, and 16—3=13. 


57. Examples.—tThe application of the preceding rules 
will be further illustrated by the following examples: 
ExAmMpPLe 1.—Find the value of the expression 4X24—8+17. 


So.tution.—Performing the operations indicated according to 
Art. 55, 4X24=96; 96—8=88; 88+17=105. Ans. 


Examp te 2.—Find the value of the expression 1,296+12+160—223. 
SoLtution.—Multiplication and division must be performed before 
subtraction can take place. Thus, 22X3=66; 1,296+12=108. The 
expression may now be written 108+160—66. Performing the remain- 
ing operations from left to right: 108+160=268; 268—66=202. Ans. 
EXAMPLE 3.—Solve the following expression: (26—4) X (16+4). 
So_ution.—First perform the operations indicated within the paren- 
thesis. Thus, (26—4)=22, and (16+4)=20; then, 22X20=440. Ans. 
EXAMPLE 4.—Solve the following expression: (26—4) X16+4. 
SoLutTion.—First remove the parenthesis by performing the operation 
indicated within; thus, (26—4)=22. Next remove the multiplication 
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sign by performing the required operation; thus, 22*16=352. Finally, 
52+4=356. Ans. 
Notre.—Comparison should be made between the answers obtained in the two 


preceding examples. The only difference in the examples is the omission of a 
parenthesis in example 4; yet, there is a difference in the results of 440—356=84. 


ExampLe 5.—Solve the following expression: 5X4—21+7—(15—5 
+4). 

So.ution.—The parenthesis is removed first by carrying out the 
operation indicated by the signs within it. Thus, subtracting 5 from 15 
leaves 10, to which is added 4, thus obtaining 14. The same result may 
be obtained by adding 4 to 15, thus obtaining 19, and subtracting 5. 
Next, the signs of multiplication and division must be removed by per- 
forming the required operations. Thus, 5X4=20; 21+7=3. The 
expression now has the following form: 20—3—14. Performing the 
two subtractions, 20—3=17, and 17—14=3. Ans. 


EXAMPLES FOR PRACTICE 


Find the values of the following expressions: 


(a) (8t5—-1)+4. (a) 3 
(b) 5X24—32. (b) 88 
(c) 5X24+15. (c) 8 
(d) 144-524, sae We eL 
(e) 2,080+120—80x4—1,670. (e) 210 
(f) (90+60)+(2X5). (P15 


SIMPLE ARITHMETICAL EQUATIONS 

58. Definitions.—An equation is an expression in 
which two equal quantities are connected by an equality sign 
(=). The term quantity in this case refers to a single num- 
ber or to several numbers connected by arithmetical symbols. 
For example, the number 8 is a quantity, and so is 5+3. 
These two quantities are equal, and if they are connected by 
an equality sign, as 5+3=8, an equation is obtained. Examples 
of other equations are: 6+2+1=9; 4+5+7=1016. They 


are all called simple equations. 


59. Solution of Equations.—In an equation there is 
usually a missing number or quantity the value of which has to 
be found. The position of the missing quantity may be indi- 
cated by a question mark (?) or by a letter; for this purpose 
the letter 4 is generally used. Following are some examples ot 

i* 
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simple equations and the methods followed in finding the miss- 
ing quantity: 
ExamMpLe 1.—Find the value of the missing number belonging on the 


right side of the equality sign in the equation 5+2=? 


Sotution.—The sum of 5+2 is equal to 7; therefore, 7 is the value 
of the missing number. 


EXAMPLE 2.—What is the value of x in the equation 9++=15. 


So_ution.—It is required to find a number, which added to 9 gives a 
sum equal to 15. If 9 and the unknown number make a sum of 15, it is 
evident that by subtracting 9 from 15 the difference will give the 
number required. Thus, 15—9=6 and r=6. Ans. 


EXAMPLE 3.—Find the value of # in the equation 5X *+=40. 


So_ution.—It is required to find a number, that multiplied by 5 gives 
a product equal to 40. If the latter product is obtained by multiplying a 
number by 5, it is evident that the quotient found by dividing 40 by 5 
must be the number required. Thus, 40+5=8, and 5X8=40; therefore, 
«#=8. Ans. 


Examp_e 4.—Find the value of x in the equation ++5=6. 


SoLutTion.—It is required to find a number which, when divided by 5 
will give the quotient 6. It follows that the product of 5 and 6, which is 
30, must be the value of x. Thus, 5X6=30, and 30+5=6. The value 
of x is 30. Ans. 


60. Incorrect Use of the Equality Sign.—In show- 
ing the several steps of a calculation, the equality sign is some- 
times used in an incorrect manner, because it is made to connect 
expressions that are not of equal value. For instance, it is 
incorrect to use an equality sign as in the following example: 


2004 =800+25 = 32 


The expression is apparently an equation, but on closer 
examination it is found that this is not the case. The product 
200X4=800, found on one side of the equality sign, is not 
equal to the quotient 32, obtained by dividing 800 by 25. Hence, 
the equality sign is out of place and is misleading. The two 
operations indicated should be written separately, as, for 
example : . 

200 4=800 
800+ 25 =32 
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EXAMPLES FOR PRACTICE 
Find the value of x in the following equations: 
(a) 4Xx#=12 Cy 3 (e) #—5=12 (e) 17 
Oy 21216 (b) 4 (f) 16+*=4 (f) 4 
(c) 7+r=14 AMS (¢) 7 (9) 36rr=3 onl 12 
(d) 9—«*=7 (d) 2 (h) #+8=5 (h) 40 


FRACTIONS 


FUNDAMENTAL PROCESSES 


REDUCTION OF FRACTIONS 


INTRODUCTION 


1. Fractions in General.—A fraction is one or more of 
the equal parts into which a whole thing, or unit, is divided. 
The unit may be anything, as a circle, a dollar, a mile, a plot of 
land, etc. In Fig. 1 (a) is shown a circle divided into two equal 


() (0) (©) 


Fia. 1 


parts by a straight line, with one of the parts shaded. Each of 
these parts is a half of the whole circle; that is, each is a frac- 
tion of acircle. When the circle is divided into two equal parts, 
as shown, each part, or fraction, is one-half, which is written 4. 

Another circle is shown in (0), divided into three equal parts. 
Each of these equal parts is a third, or one-third, of the entire 
circle. This fraction is written 4. The circle in (c) is divided 
into four equal parts, each of which is a fourth, or one-fourth, 
of the whole circle. The fraction one-fourth is written }. The 
circle in (d) is divided into five equal parts, each of which is 
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one-fifth of the whole circle. This fraction is written 4. Two 
of the equal parts in (d) are shaded; consequently, the part of 
the whole circle that is shaded is two-fifths, which is written 2. 
Similarly, in (b), there are two parts not shaded, so. that the 
part or fraction not shaded is two-thirds, written 3. In (c), 
three of the equal parts are not shaded; consequently, the 


fraction of the circle that is not shaded is three-fourths, or 4. 


2. Numerator and Denominator.—From what has just 
been stated it must be plain that two numbers are needed to 
write a fraction. The numbers are written one above the other, 
with a line between them, and each has its own name. A frac- 
tion expressed by means of two numbers, one over the other, 
separated by a line is known as a common fraction, to dis- 
tinguish it from a decimal fraction, which will be described in a 
succeeding Section. The number above the line is called the 
numerator of the fraction and the number below the line is 
called the denominator of the fraction. Every common frac- 
tion must have a numerator and a denominator. The denomi- 
nator shows how many equal parts a thing is divided into, and 
the numerator shows how many of those equal parts are taken, 
or considered. 

For example, in Fig. 1 (a) the shaded part of the circle is 4 of 
the circle. Inthe fraction 3, the numerator is 1 and the denomi- 
nator is 2. The denominator 2 shows that the circle is divided 
into two equal parts, and the numerator 1 shows that one of 
those parts is considered. In (d), the fraction of the circle 
that is shaded is 2. The denominator 5 of the fraction shows 
that the circle is divided into five equal parts, and the numer- 
ator 2 shows that the two parts that are shaded are considered. 
If the unshaded part had been considered, the numerator would 
have been 3, and the fraction would have been 2, because three 
of the five equal parts are not shaded. 

The numerator and the denominator of a fraction are called 
the terms of a fraction. 


3. Effect of Denominator on Value of Fraction.—The 
larger the denominator of a fraction, the smaller is the fraction, 
the numerator being the same. This may easily be shown by 
referring to Fig. 1 (b) and (d). The fraction represented by 
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one of the equal parts in (b) is § and that represented by one 
of the equal parts in (d) is }. The denominator 5 is greater 
than the denominator 3,/but the fraction } is smaller than the 
fraction 3. This can be seen by comparing one of the equal 
parts in (d) with one in (6). One of the parts in (d), or } of the 
circle, is much smaller than one of the parfs in (0), or 4 of the 
circle. Hence, if the numerators of two fractions are equal, 
the fraction with the smaller denominator is the greater. Thus, 
of the two fractions 3%5 and 4, the latter is the greater. But if 
the denominators are equal, the one with the larger numerator 
is the greater. Take 2 and 4, for example; in this case the 
denominators are equal, and 4 is greater than ? because 4 is 
greater than 3. 

To illustrate the point more fully, it may be supposed that 
the circle represents some object, such as a cheese or a large 
cake weighing 60 pounds. Then, 

One-half weighs 60-+-2=30 pounds 
Onc-third weighs 60+3=20 pounds 
One-fourth weighs 60+4=15 pounds 
One-fifth weighs 60+5=12 pounds 
One-sixth weighs 60+6=10 pounds 
One-tenth weighs 60+ 10=6 pounds 

Therefore, the larger the denominator of the fraction the 
smaller is its value. It was said before that +3 is less than 3. 
In the case of the object weighing 69 pounds, one-tenth weighs 
6 pounds, and 85, which is three times ;'y, weighs 3xX6=18 
pounds; one-fourth weighs 15 pounds, and ~ weighs 3X15 
=45 pounds. We thus see in another way that 3° weighs less 
than 3, or 335 is less than 2. 


4, Division Expressed by a Fraction.—A fraction may 
also be used to express division; for example, 4+5 may be 
written +, which is a fraction; and similarly, 3+16 may be 
written ;3;. The value of a fraction is the result obtained by 
dividing the numerator by the denominator. 


5. Proper Fractions and Improper Fractions.—If the 
numerator of a fraction is less than the denominator, the frac- 
tion is called a proper fraction ; thus, }, 3, 2, y's, Yo are proper 
fractions. If the numerator’ is equal to or greater than the 
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denominator, the fraction is an improper fraction; thus, 
2 5 16 12 28 are improper fractions. 


6. Prime Numbers and Composite Numbers.—A 
prime number is one that cannot be divided by any number - 
except itself and 1, without a remainder; thus, 1, 2, 3, 5, 7, 11, 
13, 17, 19, 23, 29, etc. are prime numbers. 

Any number not a prime number is called a composite num- 
ber, and may be considered as the product of two or more 
prime numbers. Thus, 60 is a composite number, and is equal 
to the product of the prime numbers 2, 2, 3, and 5; or,2X2X3 
x5=60. 


7. Whole Numbers and Mixed Numbers.—A whole 
number is a number that does not contain a fraction. Tor 
example, 2, 36, 185, 4,063 are whole numbers. A mixed num- 
ber is a number composed of a whole number and a fraction 
united. For example, 33 is a mixed number, being composed 
of a whole number 3 and a fraction 3. This number is read 
three and three-eighths. It is equal to 3+, but for convenience 
the plus sign is omitted in writing it and it appears simply as 
33. The mixed number 103% is read ten and five-sixteenths. 
A whole number is very frequently called an integer. It is 
also occasionally referred to as an integral number. 


8. Fractions Smaller or Greater Than 1.—A fraction 
whose numerator and denominator are equal has a value of 1; 
this, 4=1, G=1, 2=1) If the aumerator is fees Aha he 
denominator, the value of the fraction is less than 1; thus, 
the value of each of the fractions 4, 3,8; is less than 1. If the 
numerator of the fraction is larger than the denominator, the 
value of the fraction is more than 1; thus, 42=6, 42°=2, 3=14. 


SIMPLE REDUCTION 


9. Same Fraction in Different Forms.—The form of 
a fraction may be changed without changing its value; or, in 
other words, a fraction may be expressed in several ways. The 
form chosen depends on the number of equal parts into which 
a thing is divided. This may easily be understood by referring 


$2 FRACTIONS 5 


to Fig. 2, which shows three circles of equal size. It is supposed 
that one-half of each circle is to be taken, but thatthe circles 


O09 


(6) 


Fic. 2 


are not divided into the same number of equal parts. The 
circle in (a) is divided into two equal parts, one of which is 
shaded; that is, the part shaded is } of the whole circle. The 
circle in (b) is divided into four equal parts, two of which are 
shaded; that is, the shaded portion is % of the whole. The 
circle in (c) is divided into six equal parts, three of which are 
shaded; that is, the shaded portion is ¢ of the whole. But, as 
the three circles are of the same size, and the same amount is 
shaded in each, it follows that $, ¢, and $ must be equal to one 
another, because each one represents the same amount, or 
one-half of the circle. 

10. That fractions of equal value may be expressed in dif- 
ferent forms may be further illustrated by Fig. 3, which is an 
oblong divided into equal spaces. There are 4 squares in a 
row and there are 6 rows, making 24 squares in all. Hence, 
each square is 1 twenty-fourth of the whole. gagqqqqary 
As ec are 6 rows, Had row is 1 sixth of _ sea 
the whole. From this it is seen that 4 Paearer| on 
twenty-fourths equals 1 sixth, or writing 
this in figures, | 


C Siege, 


1 

24°76 
Since 4 twenty-fourths equals 1 sixth, 8 
twenty-fourths equals 2 sixths, 12 twenty- 
fourths equals 3 sixths, and 20 twenty- 
fourths equals 5 sixths. It is also seen that 
3 rows are equal to 3 sixths; but 3 rows 
are equal to 3X4=12 squares, which is equal to one-half of the 


oblong. It follows, then, that 


201 
4 $=3 
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In each strip running up and down the figure there are 
6 squares; but, as there are 4 strips, each strip is 1 fourth of 
the figure; hence, 6 twenty-fourths equals 1 fourth, or 


he 
24— 


In two strips, or one-half of the figure, there are 12 squares; 
hence, 


If the figure is divided into 12 equal parts there will be 
2 squares in each part; then, 


11. General Principle of Reducing Fractions.—If 
both terms of a fraction, that is, both numerator and denomi- 
nator, are multiplied or divided by the same number, the value 
of the fraction is not changed. T'or example, suppose that in 
the fraction 4, both terms are multiplied by 2. Then, 3x3 =. 
The fraction ? has the same value as 3, as was shown in the pre- 
ceding article. Again, take } and multiply both terms by 3. 
Then, 3X3 =%, which has the same value as 4, according to the 
preceding article. Now take the fraction $ and divide both 
terms by 3. Then, $73=}. But it was shown that $=4, in 
the preceding article; therefore, by dividing both terms by the 
same number, the value of the fraction is not changed. This 
process of changing the form of fractions without changing 
their values is called reduction of fractions. 


12. Reducing a Fraction to Higher Terms.—A frac- 
tion is reduced to higher terms by multiplying both terms of the 
fraction by the same number. For example, $ is reduced to +f 
by multiplying both terms of the fraction by 4. The operation 
may be written as follows: 


That these fractions are equal may be seen from Fig. 3, in 
waich one row is equal to 1 sixth of the whole. Each row con- 
tains 4 twenty-fourths; hence, }= 4. 

As another example, let } be changed to 3$ by multiplying 
each verm by 8; thus, 
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If Fig. 3 is divided into three equal parts, and two of the 
parts are considered, there will be 16 squares in the parts con- 
sidered, or ¢ of the whole figure. This shows that the result 
just obtained is correct. 


13. Reducing a Fraction to Lower Terms.—A fraction 
is reduced to lower terms by dividing both terms by the same 
number. For example, $7 is reduced to % by dividing both 
terms by 4; thus, 


In Art. 10 it was shown that 5 sixths was equal to 20 twenty- 
fourths, thus proving that the preceding reduction is correct. 


14. A fraction is reduced to its lowest terms when both its 
numerator and its denominator cannot be divided by the same 
number without a remainder; for example, 3, 2, $4, <8 are frac- 
tions reduced to their lowest terms. 


EXAMPLE 1.—Reduce + to its lowest ternis. 


SoLuTIon.—By trial find the greatest number that will divide 12 and 
16 without aremainder. This number is 4. 
APY Me SBS A 
a 4¢ ns. 


ll 


EXAMPLE 2.—Reduce 3%; to its lowest terms. 


_ SoLution.—The number that will divide 8 and 10 without a remainder 
72 2. 


15. Reducing a Fraction to One of Equal Value and 
With a Given Denominator.—In practice, it is often required 
to change a given fraction to another one of equal value, but 
with a different denominator. In such cases the following rule 
applies: 

Rule.— Divide the given denominator by the denominator of 
the given fraction, and multiply both terms of the fraction by the 
result. 

EXAMPLE 1.—Reduce a to an equal fraction having 96 for a denominator. 


SoLution.—Both the numerator and the denominator must be mul- 
tiplied by the same number in order not to change the value of the frac- 
tion. The denominator must be multiplied by some number which will, 
in this case, make the product 96; this number is evidently 96+8=12, 
because 8X12=96. Hence, 


12 84. Ans. 
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EXAMPLE 2.—Reduce 2 to 100ths: that is, to a fraction having 100 for a 
denominator. 
SoLu1ION.— 100+4=25; hence, 
Sx2b 5 Ans, 


EXAMPLES FOR PRACTICE 
Reduce the following: ; 
(a) ze to 128ths. @) te 


(0) =7:'5 to its lowest terms. (b+) *%& 

(c) zéés to its lowest terms. Ans.4 (c) +$s 
(d) 4 to 49ths. (d) 35 

(c) £6 to 10,000ths. () #28 


16. Reducing a Whole Number or a Mixed Number 
to an Improper Fraction.—The process of reducing a whole 
number or a mixed number to an improper fraction is of impor- 
tance as it is used to a great extent in the multiplication and 
division of fractions. The following rule applies: 


Rule.—To reduce a mixed number to an improper fraction, 
multiply the whole number by the denominator of the fraction, add 
the numerator to the product, and place the denominator under the 
result. If it is desired to reduce a whole number to a fraction, 
multiply the whole number by the denominator of the given frac- 
tion, and write the result over the denominator. 

ExaMPLeE 1.—Reduce 5 to an improper fraction having 4 as a 
denominator. 

SoLuTiIon.—There are 4 fourths in 1, because {=1, and in 5 there will 
be 5X4 fourths, or 20 fourths; that is, 5X$=42. Ans. 

EXAMPLE 2.—Reduce 83 to an improper fraction. 


SOLUTION.—According to the rule, 


i smee are roan a 
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EXAMPLES FOR PRACTICE 
Reduce to improper fractions: 


(a) 45. (a) 32 
(6) Bris. (b) £8 
() 1075. Ans. (c) 422 
(d) 373. (d) 254 
(ce) 50%. (ce) 284 
(f) Reduce 7 to a fraction whose denominator is 16. (f) 412 


17. Reducing an Improper Fraction to a Whole or 
to a Mixed Number.—The result obtained in the multiplica- 
tion or division of fractions is in many cases in the form of an 
improper fraction. Preferably, the answer should be in the 
form of a mixed number. An improper fraction is reduced to 
a mixed number by applying the following rule: 

Rule.—To reduce an improper fraction to a whole or a mixed 
number, divide the numerator by the denominator and write the 
result as in ordinary division. 


EXAMPLE.—Reduce #2 to a mixed number. 


SoLUTION.— 4 is contained in 21, 5 “imes with lasaremainder. The 
latter number is written as the numerator of a fraction with 4 as a denomi- 
nator. This fraction is added to the whole number. ‘Therefore, 5+4, or 
54, is the mixed number required. Ans. 


EXAMPLES FOR PRACTICE 


Reduce to whole or mixed numbers: 


(a) +48, [(a) 242 
(yrs. (b) 613 
Ce () 1168 
@ 142, Ans iy 493 
waits: (e) 4 
(fy BE. () 5 
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PROCESSES PREPARATORY TO ADDITION AND 
SUBTRACTION OF FRACTIONS 


FINDING LEAST COMMON DENOMINATOR 

18. Adding Fractions With Different Denominators. 
Fractions cannot be added unless they have the same denomi- 
nator. If the denominators are not the same the fractions 
must be changed into such forms that they have the same 
denominator. For instance, 3 may be added to 3, but 2? can- 
not be added to 7 as the fractions now stand, because the 
denominators are different; fourths cannot be added to eighths. 
The reason for this may be seen from the following example: 

Suppose that an apple is divided into 4 equal parts, and that 
2 of these are each divided into 2 equal parts. It is evident 
that there are 2 one-fourths and 4 one-eighths. If these parts 
are added, the sum is 6. But what does this sum represent? 
It cannot be fourths, for 6 fourths is equal to $=14, and only 
1 apple was divided; neither can it be eighths; for $= is less 
than 1 apple. By reducing the quarters to eighths, there are 
4=4; on adding these to the other 4 eighths, there are 4+4 
=S8eighths. This result must be correct, since $=1. Another 
wey would be to combine the eighths into quarters. Thus, 
4—4; then, adding the eee there are 2+2=4 quarters. 
This result is also correct, since +=1. 


19. Common Denominator.—Several fractions are said 
to have a common denominator when all their denomina- 
tors are the same, as 75, i4t, a4, +2. Two or more fractions 
having different denominators can be reduced to others having 
a common denominator by reducing each fraction to higher or 
lower terms. For example, 4 and } can ie be reduced to 
sixths; thus, }=%, because 1x3 =3; oa =%, because 3%? =2. 
Likewise, 3, 3, and ? can each be ae to twelfths; thus, 
z= is, = is, and j= is. 


20. Least Common Denominator.—Fractions with dif- 
ferent denominators may have as a common denominator any 
number that will contain each of the denominators without a 
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remainder; for example, the fractions 4, 4, and 1 can be reduced 
to twelfths, twenty-fourths, thirty-sixths, or to fractions having 
as a common denominator any number that will contain 2, 3, 
and 4 without aremainder. But the least common denomi- 
nator is the Jeast number that may be divided by each denomi- 
nator of the given fractions without aremainder. The following 
example will illustrate the meaning of this definition: 

Let it be supposed that the fractions 4, 2, and 2 are to be 
reduced to-fractions that have the same denominator. As 2, 
3, and 4 can be divided into 12 without a remainder, 12 is taken 


as the common denominator. Thus, 12+2=6, then 4x%3=+4; 


similarly, }=7%, and = %, and the fractions 4, 2, and 2 there- 
fore become 3%, <8, and 7%. The number 24 could also be used 
as a common denominator, because it can be divided by 2, 3, 
or 4 without a remainder. The three fractions would then 
become 34, 34, and 4%, and these values would be the same 
as 75, fs, and 7%. But the point to be noticed is that although 
12 and 24 can both be used as common denominators for these 
three fractions, 12 is the least common denominator, because 
it is the smallest number that can be divided by 2, 3, and 4 
without leaving a remainder. A series of fractions may have 
a great many different common denominators, but they can 
have only one least common denominator. In adding or sub- 
tracting, fractions are generally reduced to the least common 
denominator. The methods by which fractions are reduced 
to the least common denominator will be explained in detail 
further on. 


21. Finding the Least Common Denominator by 
Inspection.—The least common denominator of several frac- 
tions may be found either by inspection or by calculation. The 
method of finding it by inspection will be explained by means 
of an example taken from practice. For this purpose the foot 
rule, generally used in English-speaking countries for taking 
measurements of length, will be considered. 

A foot rule is divided into equal parts called inches, and each 
inch is further divided into equal par'ts called fractions of an 
inch. A part of a rule showing a common way of dividing the 
inch is illustrated in Fig. 4., The long line a at the middle of 

1LT 30—5 es 
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the inch divides it into halves. At the middle of the halves are 
shorter lines b and c that divide the half inches into halves, 
making quarter inches, and the quarter inches are still further 
divided by the lines d, e, f, and g into eighths. Finally, the 
shortest lines divide the eighths, so that there are sixteen equal 
divisions in 1 inch, and these are called sixteenths. Suppose 
that the rule is used to measure the length of a block h. The 
end of the rule is put in line with the end of the block, and the 
other end of the block comes just to the line a, which is the half- 
inch mark; therefore, the block is said to be 4 inch long. 


22. Now, suppose that the length of the block h, Fig. 4, 
is to be found in quarters, eighths, or sixteenths of an inch. 
By looking at the rule, it is seen that there are just two quarter 
inches between the line a and the end of the rule; so the length 
of the block is two quarter 
inches or two-fourths of an 
. inch, which is written 2 inch. 
This is exactly equal to 
% inch, because 3X2=2. If 
the length of the block is ex- 
pressed in eighths of an inch, 
it is ¢ inch long, because 
~ there are four eighth-inch 

divisions between the line a 
andthe endoftherule. Also, the block is 38 inch long, because 
there are eight sixteenth-inch divisions from ne line a to the 
end of the rule. This simply shows that }={=4= 8;. Some- 
times rules are divided into Phiten and sixty-fourths 
of an inch. 

Ifarule similar to Fig. 4is also divided into thirty-seconds and 
sixty-fourths of an inch, the fractions considered will be halves, 
fourths, eighths, sixteenths, thirty-seconds, and sixty-fourths. 
When a common denominator is to be found for several such 
fractions, all that is necessary is to take the greatest denomina- 
tor in the group. For example, in the fractions 3, 3, 7, and 4 
the largest denominator is 16, and this is chosen as the least 
common denominator. Then, ?=12, 7 i=. Again, 
suppose that the fractions are 24, gs,and}. The largest of 
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these denominators is 64, which is taken as the least common 
denominator, and then ?=24, -s5=44, and 1=3%. It is there- 
fore a very simple matter to choose the least common denomi- 
nator for fractions of an inch as found by a rule divided in the 
manner explained. This method of finding the least common 
denominator by merely looking at the denominators and find- 
ing the common denominator mentally at once, or after a few 
trials, is called finding the least common denominator by 
inspection. 


23. Finding the Least Common Denominator by 
Calculation.—lIt is not always possible to find the least com- 
mon denominator by inspection as in the preceding article. 
For this reason, the following method is given, showing how to 
find by calculation the least common denominator of any set 
of fractions. It is important that this method should be thor- 
oughly understood. The method will be explained by applying 
it directly to the following examples: 


EXxampr_e 1.—Find the least common denominator of 4, 4, 3, and zg. 


SoLuTION.—The denominators of the fractions are placed in a line, as 
in short division, and separatied by commas. In this case they are 4, 3, 9, 
and 16, as shown. The denominators are now divided by some prime 
number other than 1 that will be contained in at least two of the numbers 
without a remainder. The number 2 is contained in 4 and 16; hence, 
dividing by 2 and placing the quotients ia the second line, under the num- 


B) 4 3.9.18 
2) 8. Ores 
Byrn ou ee 

Pere oy 


2X2X%3X3xX4=144, the least common denominator. Ans. 


bers divided, the quotients 2 and 8 are obtained. The numbers 3 and 9, 
which will not contain the divisor without a remainder, are transferred to 
the second line, as shown. 

Next, another prime number is found that will be contained in at least 
two of the numbers in the second line. The divisor 2 is again selected, 
as being contained in the numbers 2 and 8. The quotients 1 and 4 are 
written in the third line, as well as the numbers not divisible by 2, in this 
case 3 and 9. The divisor 3 is chosen for the third line, giving the quo- 
tients 1 and 3. In the fourth line there will then appear the numbers 
1, 1, 3, 4, as shown. of 
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These operations are repeated until the last line contains no two num- 
bers that can be divided by the same prime number. In this case the 
numbers 3 and 4 remain, which cannot both be divided by any one prime 
number. Finally, the divisors and the remaining numbers in the last 
line are multiplied together, the product being the least common denomi- 
nator. In the example the product is 2X%2*3xX1X1X3X4=144, which 
is the least common denominator. Ordinarily the prirne numbers 1 are 
omitted as being without effect on the final result. 


J . 7 
EXAMPLE 2.—Find the least common denominator of $, 5, 75. 


SOLUTION.— 
3) 9 12, 18 
3 Ned oO 
oh era 
 eD 


3X3X2X2=36. Ans. 


24. Reducing Fractions to Equivalent Fractions 
Having the Least Common Denominator.—The preceding 
article explained the method of finding the least common 
denominator of several fractions. There remains yet to be 
shown how a number of given fractions may be reduced to 
equivalent fractions having the least common denominator. 
Reductions of this kind are performed in accordance with the 
following rule: 


Rule.—To reduce fractions to the least common denominator, 
divide the least common denominator by the denominator of the 
given fraction, and multiply both terms of the fraction by the 
quotient. 

EXAMPLE 1.—Reduce 2, 3, and 3 to fractions having the least common 
denominator. 

SoLuTION.—The least common denominator is first found as follows: 

2) 3, 4, 2 
Ben 2 sul 
Then, 2X3X2=12, the least common denominator 

In this example, each of the three fractions must be changed to a form 
in which it will have 12 for its denominator. In the first fraction, 3, the _ 
denominator is 3. By the rule, the least common denominator is to be 
“divided by the denominator of the fraction; or, 12+3=4. Both terms 
of the fraction are then to be multiplied by this quotient, 4; that is, 34 
=78;. The fraction to be considered next is $, whose denominator is 4. 
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Following the same method, 12+4=3, and $%3=7%5. The third fraction, 
3) — 2 3 Seana: Then, 12+-2=6, and 2x6 = 7's. Hence, the 
fractions 3, ¢, and 4, when reduced to the least common denominator, 


8 
become 755, 725, and 385. Aas. 


EXAMPLE 2.—Reduce 74, 4, and $4 to the least common denominator. 


SoLutTIon.—The least common denominator is found first, as follows: 


DN sy fal 
Ie sh 7% 
i. 


Least common denominator =2*2*4*7 3 =336 


In the case of the fraction ¢%, 336+16=21, and +3%31=223. In the 
case of $, 336-+-7=48, and #X78=248, Finally, in the case of +4, 336-+12 
=28, and ix 23 = 898 Therefore, the three fractions reduced to the 


. 278 240 308 
least common denominator are 33, 336, and $35. Ans. 


EXAMPLES FOR PRACTICE 


Reduce to fractions having the least common denominator: 


@) 33% ((a) $87 

Omar err (b) a2, 35, 7 
© Basi. LO 
@ £3, )@ 24,28, 3 
OM ees OMe es 
(Durie messi (f).33; 3650 


ADDITION OF FRACTIONS 


25. Rule for Addition of Fractions.—The preceding 
rules and exercises referring to finding the least common denomi- 
nator are to be considered as preparatory processes that must be 
performed before addition of fractions can take place. The 
reasons for providing fractions with the same denominator 
before adding them have been given in Art. 18, but it may 
be well to emphasize the point again at this place. For instance, 
if a workman measures off the thicknesses of three pieces of 
material as ;5 inch, 38s inch, and 7 inch, respectively, he knows 
that the total thickness is +3 inch. This result is obtained by 
adding the numerators, thus, 1+5+7=18, and placing that 
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sum over the common denominator, 16, giving #3. But if the 
thicknesses measured off are, for instance, } inch, 3 inch, and 
~s inch, the total thickness cannot be found by adding the 
numerators, because the fractions have different denominators. 
Before the fractions can be added they must be changed to 
forms in which they have the same denominator, that is, a 
common denominator. After they have been reduced to this 
form the process of addition is a very simple one. The follow- 
ing rule applies to the addition of common fractions: 


Rule.—I. To add fractions, first reduce them to a common 
denominator. Then add the numerators, and write their sum over 
the common denominator. If the result is an improper fraction, 
reduce it to a mixed number and reduce the fractional part to its 
lowest terms. 

WW. To add whole and mixed numbers, add the whole numbers 
and the fractions separately, and then add the results. 

The application of this rule will be shown in the following 
examples: 

EXAMPLE 1.—Add , 3, and 33;. 


der Sues 6 20 8 
SOLUTION.— 93+4+17=12+t12+i7= = T2=lis = 1%. Ans. 


Part I of the rule applies. The least common denominator is readily 
seen to be 12, the new numerators are 6, 9, and 5, and their sum is 20. 
The rest of the work is reduction, as previously explained. The sum of 
the fractions is 73, but as the latter is an improper fraction, it must, accord- 


a = | 


BIGs5 


ing to part I of the rule, be reduced to a mixed number, that is, 14%. The 
fractional part, 78, should, according to the same part of the rule, be 
reduced to its lowest terms. It is seen that it may beso reduced by dividing 
numerator and denominator by 4, the reduced fraction being 3. The final 
form of the mixed number is 13, as shown. 


EXAMPLE 2.—What is the total length, or overall length, of the piece 
of shafting shown dimensioned in Fig. 5? 
Note.—The marks (’”) used on the drawing, mean inches; thus, 123” means 123 inches. 


SOLUTION.—The total length is the sum of the three parts, measuring 
122 inches, 14% inches, and 7355 inches. Then, applying part I of the rule, 
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the fractions are reduced to a common denominator. The least common 
denominator of the three frac- 

eee .. 12#=124¢ 
tions is 16. Part Il of the rule is 4 16 
now applied, and the whole num- 145 = 14} 
bers and the fractions are added = 779g = 7S, 6 
separately. The sum of the BITE: 
fractions is 7$=144; the sum of %” =33+16=33+115= 341. Ans. 
the whole numbers is 33. y 8 sum of both, which i is the total, or overall, 
length of the shaft, is 347 ¢ inches. 


EXAMPLE 3. —A workman has five pieces of belt whose lengths are 93, 
6%, 32, 34, and 1 feet, respectively, and he needs a belt 24 feet long for 
some special work. Can he make up a belt of the required length by 
lacing the pieces together, end to end? 


SOLUTION.—The least common denominator of the fractions is 12. 
gee ene reduce d to athe least common denominator are as follows: 
5= ‘fx; 4 4= Tai 4 Say; 4 1 ity: o=12. Therefore, the mixed numbers 
95+6} +33 +3418 are equal to 97% +6 38y-+ 39s + Baty + 14%. The sum 
of the latter numbers is 227%. Reducing the improper fraction ?$ to a 
mixed number, it becomes 23's, in which the fraction may be reduced to 2; 
thus, 23°,=2%. The sum 22427 =24? is the total length, in feet, of the 
joined pieces. As the length required is only 24 feet, the pieces can be 
joined to form the required belt. Ans. 


26. Adding Fractions by Means of a Foot Rule.—In 
practice, it is often required to add dimensions expressed in 


ol hed LBL. Phd Po hed Ved? wo? 
Ze (o] 16 4 16 é 
pI b c d e Hk g 
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inches and fractions of an inch. This may be done either by 
the methods described for the addition of fractions, or by means 
of afootrule. To illustrate, let it be supposed that the dimen- 
sions 13, §, 233;, 2, 13, and 1% inches are to be added. The 
several fractions }, 5, #, 3, 13, and % are first added, by using 
a rule graduated in sixteenths of an inch, as shown in Fig. 6. 
Beginning at the end a, courtt off 3 inch, to the point b. From bd 
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count off five §-inch divisions, or § inch, toc. Next count three 
zs-inch divisions, or 33; inch, to d. From d count off three 
-inch spaces, or ? inch, which is the same as twelve 7g-inch 
divisions, because 2=12. This locates the mark e. From ¢ 
count off +8 inch, or fifteen jj-inch spaces, to f. Finally, 
from f count off three }-inch divisions, to g. The point g thus 
found is at a distance of 33 inches from a; hence, }+3+3;+? 
+ig+ 3 =33 inches. To this add the whole numbers of inches, 
1, 2, and 1, and the total is 33+1+2+1=73 inches; that is, 
a+§ +26 +E+i6 +15 =75 inches. 


EXAMPLES FOR PRACTICE 


1. Find the sum of the following: 
(a) v4, $- hed ase Igy 


115 inches, is plain for 3% inches, has a collar 32 inch long, and has a head 
#inch thick. What is the overall length of the bolt? Ans. 73'7 inches 


3. A helper works 23 hours on one job, 14 hours on another, and 73> 
hour on a third. Whatisthetotaltimethat he worked? Ans. 4} hours 


4. The weights of a number of castings are as follows: 4123 pounds, 
270% pounds, 1,020 pounds, 75} pounds, and 683 pounds. What is their 
total weight? Ans. 1,847 Ib. 


5. Find the total length of five cuts of cloth, the lengths of the cuts 
being as follows: 51% yards, 513 yards, 554 yards, 53% yards, and 48% 
yards, “ Ans. 260 yd. 


6. The beam shown in Fig. 8 has rivet holes spaced from left to right 
at the distances indicated in the drawing. The distances are as follows: 
148 inches, 9% inches, 63 inches, 5% inches, and 27% inches. What is the 
length of the beam? Ans. 26 inches 
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7. A piece of lead pipe work is made up of the following lengths: 394, 
464, 3%, 9%, and 12% feet, respectively. What is the total length of the 
pipe? i INAS INIA i 


, 


8. During a journey of three days a man travels the following dis- 


15.4 oy ‘ 7 ” 2 u ot 
Wa : a 6s ty ee 
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tances: 50q5 miles, 562 miles, and 85% miles. What is the total length 
of the journey? Ans. 198 miles 

9. Four castings of the following weights are ordered from a brass 
foundry: 6% pounds, 34 pounds, 52 pounds, and 8% pounds. What is 
the total weight of the castings? Ans. 24% Ib. 

10. The stock required for three bolts must be cut from a bar of iron. 
The finished lengths of the bolts are to be 23%;, 142, and 3} inches, respec- 
tively. Allowing, in all, # of an inch of stock for cutting off, for forming 


heads, and for finishing the ends of the bolts, how long must be the piece 
of stock? Ans. 8 inches 


SUBTRACTION OF FRACTIONS 


27. Rule for Subtraction of Fractions.—Reasons were 
given in Arts. 18 and 26 for the necessity of reducing frac- 
tions to a common denominator, before addition can take place. 
The same reasons hold good in the case of subtraction. For 
instance, if the fraction $ were subtracted from 3% by simply 
finding the differences between the numerators and the denomi- 
nators, the difference would be ;-$=?. But =#and $=; 
therefore, the difference between them cannot be 3, but is instead 
$—3—0, In other words, six eighths cannot be subtracted 
from nine twelfths any more than six apples can be subtracted 
from nine oranges. The two fractions must be reduced to a 
common denominator before one can be subtracted from the 
other. 

The following rule applies to subtraction of fractions: 


Rule.—I. Reduce the fractions to fractions having a common 
denominator. Subtract one numerator from the other and place 
the remainder over the common denominator. 
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TI. When there are mixed numbers, subtract the fractions and 
whole numbers separately, and place the remainders side by side. 


Tm. When the fraction in the subtrahend is greater than the 
fraction in the minuend, take 1 from the whole number in the 
minuend and add tt to the fraction in the minuend, from which 
subtract the fraction in the subtrahend. 


IV. When the minuend ts a whole number, take 1 from it, 
reduce the 1 to a fraction whose denominator is the same as the 
denominator of the fraction in the subtrahend, and place it over 
that fraction for subtraction. 


Examete 1.—Subtract 2 from }#. 


SoLuTION.—The least common denominator is 16, and 38 Then, 


according to part I of the rule, 


leh aay ae = 
WGio- 8 Gh BIOS = z¢- Ans. 


EXAMPLE 2.—From 7 take 3. 


SoLuTION.—There is no fraction in the minuend 7, so it is necessary 
to take 1 from 7 to form a fraction whose denomi- 
nator is the same as that of the fraction to be sub- 
tracted, or 8. Asl1=%, it followsthatinstead of 7, s“birahend 7 
it is possible to write 6+1, or 6+%, or simply 68. yemainder 62 Ans. 
Then, 6 —3=68; that is, 7-3 =63. 


minnend 7 =6$ 


EXAMPLE 3.—A block of 
wood 173% inches long, as 
shown in Fig. 9, has a 
piece a@ 933 inches long 
sawed off. What is the 
length of the remaining 
piece 6, neglecting the thick- 
ness of the saw cut? 


9 uu 
“WE 
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minuend 1743 


subtrahend 925 


OT ns] 


difference Sz Ans. 


That is, the remaining portion }, Fig. 9, is 83°7 inches long. 


ExampLe 4.—A piece 47% inches long is cut from a bar 9% inches long. 
What is the length of the remaining piece? 
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SOLUTION.—The common denominator of the fractions is 16. 9 =9r'5. 
As the fraction in the subtrahend is greater ain yend 94> ve or 82 
than the fraction in the a . cannot subtrahend 4z5 47/5 2 
be subtracted. Therefore, 1, or +%, is taken ae 
aor the 91 a oe minuend aad added to the eh ence 47 Ate Ans. 
te; thus, 7e+7¢=28. Subtracting 7% from 22 leaves a remainder of 43 
Since 1 was taken from 9, 8 remains. 4 from 8=4; 4++%=413 the re- 
required answer. 


——s 


EXAMPLE 5.—From 9 take 8355. 


SoLutTrion.—There is no fraction in the minuend from which to subtract 
the fraction in the subtrahend, so 1, or +4, is taken from 9. Thus, 9 =8+4, 
andi§—ys=t¢- Since 1 was taken from 9, only 8 is left, and 8 from 8 


minuend 9 or 84% 
subtrahend 88;  83°5 


difference +8 a2 Ans, 


EXAMPLES FOR PRACTICE 


1. In the following examples, subtract: 


(2) so from 75. (a) 33 
(6) 134 from 304. Ans.) (b) 174 
(c) 12% from 27. (c) 14% 


2. A bar of iron 224 inches long, as shown in Fig. 10, has three pieces 


cut from it, measuring 6% inches, 4% inches, and 225 inches a least: 
What length of the original bar remains? Ans. 839 inches 


Succrsrion.—Add the lengths of the three pieces that are veut off and subtract their 
sum from the total length. 


3. on piece of cast iron 4% inches thick was planed down to a ee 
of 334 inches. What thickness of metal was removed? Ans. 33 inch 


4. At the beginning of a week an engineer had on hand 48% gallons of 
cylinder oi. During the week the following quantities were used: 2¢ gal- 
{ ? 
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lons during the first three days, 2 gallon on the fourth day, 1 gallon on the 
fifth day, } gallon on the sixth day, and not any on the seventh day. How 
much oil remained at the end of the week? Ans. 443 gal. 


5. The main line shaft in a manufacturing plant is driven by an engine 
capable of developing 2503 horsepower. To operate all the machinery 
requires 2103 horsepower, and to overcome the friction of the shafting and 
bearings requires 254+ horsepower. What surplus power is the steam engine 
capable of developing in case it is required? Ans. 143% horsepower 


6. Onacertain day a power plant had on hand 284% tons of coal. Dur- 
ing the day 25% tons of coal were received, and 50% tons were consumed. 
How many tons of coal remained at the end of the day? Ans. 2593 tons 


7. A filling box in a textile mill contains 102 pounds of yarn. When 
713 pounds of the yarn is removed from the box, how many pounds remain? 


Ans. 2+¢ lb. 


8. At the beginning of a voyage of a large steamship, an engineer’s 
storekeeper had on hand 5075 pounds of various sizes of rod packing. 
During a period of 6 days, all the hoisting engines, anchor windlasses, 
steering engines, and other auxiliary machinery were repacked, the quan- 
tity used each day being as follows: 


Mondays sos. seen e Gelb.  ‘Thucsdayi soc occicndn sees 63 Ib. 
AUDIENCE em purm Ri creat ARTS Bal AS Pie daly iccciee x) 05 spelen) eel 5 Ib. 
Wednesday. toa tcwtasrae Os Gr lbne Saturday, ® s.c,c.5.-Sosee 4} Ib. 

How many pounds of packing remained on hand? Ans. 153+ Ib. 


9, A steamship has to run a distance of 498% miles. If during the first 
day she made 374% miles, how many miles remained to complete the voy- 
age? Ans. 1243'p miles 


10. A certain factory requires a total motor installation of 274 horse- 
power. Three motors have been purchased, one rated at 5 horsepower, a 
second at + horsepower, and a third at 2 horsepower. What must be the 
combined horsepower of the motors that still remain to be purchased, to 
give the required total of 274 horsepower? Ans. 2135; horsepower 


MULTIPLICATION OF FRACTIONS 

28. Principle of Multiplication Explained.—Fractions 
can be multiplied without reducing them to a common denomi- 
nator. A fraction is multiplied by a whole number when the 
numerator of the fraction is multiplied by that number. For 
example, the expression ?X3 means add the fraction 2 three 
times; thus, ?+3+32. As these fractions have a common 
denominator their sum is found, according to the rule in Art. 25, 
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by adding the numerators and writing the sum over the common 
denominator. Hence, ?X3=%, or 24. 
The word “‘of”’ when placed between two fractions, or between _ 

a fraction and a whole number, means the same as &, or times. 
For instance, 4 of $ is equal to 4£ and means that one-half 
of § shall be taken. As $=$+4+4+4+41-44, it follows that 
one-half of these fractions is $+4+1=%. Hence, 4x$=2. 
This example shows the results obtained by multiplying 3 by $, 
but it does not show how the fractions are multiplied to obtain 
the results. According to the succeeding rule the numerator 
of one fraction is multiplied by the numerator of the other to 
obtain the numerator of the product, and the denominator of 
the one is multiplied by the denominator of the other to obtain 
the denominator of the product. According to this rule $x$ 
= 5, which product reduced to its lowest terms is equal to #, 
as before. 


29. Rule for Multiplication.—The following rule applies 
to multiplication of fractions: 

Rule.—1I. To multiply either proper or improper fractions, 
multiply the numerators together for a new numerator, and the 
denominators together for a new denominator. 

I. To multiply one mixed number by another, reduce them 
both to improper fractions and then multiply them as in part I of 
the rule. 

mM. To multiply a fraction by a whole or by a mixed number, 
proceed as in part I of the rule, treating the whole number as a 
numerator or first reducing the mixed number to an improper 
fraction. 

Iv. To multiply a mixed number by a whole number, first 
reduce the mixed number to an improper fraction; then multiply 
the numerator of this fraction by the whole number, and divide 
the product by the denominator. Or, multiply the whole-number 
part of the mixed number by the whole-number multiplier, and 
then the fractional part by the whole-number multiplier, and add 
the products. 

In the preceding rule reference is made to the multiplication 
of two numbers only. This was done so as to keep the rule as 
simple as possible. But it is:to be understood that the rule 
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also applies when more than two numbers are to be multiplied 
together. The application of the rule is illustrated by the fol- 
lowing examples: 

ExamPe 1.—Multiply 3 by xs. 

Sotution.—Applying part I of the rule, 3X s=7e%s. Ans. 

EXAMPLE 2.—Multiply 22 by 44. 


SoLuTion.—Applying part II of i site, the ee numbers are reduced 
to improper fractions. Thus, 22=4/, and 44=%3; then, 12 x3%=354 
=1155. Ans. 


EXAMPLE 3.—Multiply 3 by 2. 
SoLution.—Part III of the rule is applied. Thus, 3Xx2=2*%? =$=2. 


EXAMPLE 4.—Multiply 3% by 5. 
SoLution.—By the first method in part IV of the rule, 3% is reduced 
to an improper fraction and becomes equal to 4;*; then, +2x5=%2=19. 
Ans. 
By the second method, 5X3#=5X3+5xX#=15+4%=154+4=19. Ans. 
EXxamPLe 5.—Multiply 3 by 3 and by 5. 


SoLutTion.—Parts I and III of the rule are applied. Thus, 3x25 
is equal to eo 2 30 1 ie. Ans. 


30. Cancelation of’ Fractions.—It is seen from the pre- 
ceding rules and examples that when several fractions are mul- 
tiplied together, a product is found of the numerators and of the 
denominators, these products representing, respectively, the 
numerator and the denominator in a new fraction. It follows 
that the product 3xX$Xi¢ may be represented in this form: 
3x8 X10 
4X9X16° 
tiplied together, they may be represented as one fraction in 
which all the numerators are written above the line and con- 
nected by multiplication signs, and all the denominators are 
written below the line, likewise connected by multiplication 
signs. 

31. By arranging the fractions in the manner just described, 
the operation of multiplication may often be shortened. Thus, 
instead of multiplying the numerators together and then mul- 
tiplying the denominators together, it may be possible to divide 
the numerators and the denominators by the same number, 


That is, if a number of fractions are to be mul- 
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just as in reducing a fraction to its lowest terms. Doing this 
will change the form of the fraction, but not its value, as was 
3xX8X10 
4x9X16 
the numerator and a 9 in the denominator; it is therefore pos- 
sible to divide by 3. That this division has been done is indi- 
cated by drawing a line through the respective numbers and 
writing the quotient of each division near the dividend. This 
first step will.then be 


proved in Art. 11. In the example there is a 3 in 


1 

$X8X10 

4X9X16 

3 

showing that the divisor 3 is contained once in 3 and 3 times 
in 9. Again, 8 is above the line and 16 below it, and both of 
these can be divided by 8. The next step is 

ltet 

SX$X10 


4XPX16 
4 
Now, there is a 10 above the line and a 4 below it, and both 
of these can be divided by 2 without any remainder. The next 


step then is 
je 


BXBXIP 
AXPX]G 
momen 
This process cannot be carried any farther, because there are 
no numbers above and below the line that can be divided by the 
same number without aremainder. Therefore, all the uncrossed 
numbers in the numerator are multiplied together, or 1X15 
=5; next, all the uncrossed numbers in the denominator are 
multiplied together, or 2X3X2=12. The first product is then 
written over the second, giving =; as the reduced fraction. In 
other words, ?X8X#$=7%. This can be proved very simply; 
3xX8X10 
"4X9X16 

terms by dividing both terms by 48. Thus, 24#9748=5. This 


=24° which can be reduced to its lowest 


for example 
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shows that the process of dividing numbers above and below 
the line of a fraction by the same number will give the same result 
as taking the product of all the numerators and dividing it by 
the product of all the denominators. 

The operation of dividing the numbers above and below the 
line by the same number is called cancelation, and when a 
line is drawn through one of the numbers, as shown, the num- 
ber is said to be canceled. In cancelation, if the quotient is 1, 
it is not written at all, but it is understood. The preceding 
example, therefore, would commonly be written 


5 


es 


AXPxi1g  ** 


82. It is important to remember that cancelation can be 
used only in cases where the numbers in both numerator and 
denominator are multiplied together. Where addition or sub- 
traction is indicated in either term of the fraction, cancelation 
cannot be used. 

The following examples show the advantage of employing 
cancelation in the multiplication of fractions: 


EXAMPLE 1.—What is the product of 34g and 7? 


Alara 
SoLuTION.— vex¢ = owe fos =y5. Ans. 
7 
Or, by cancelation, inane sg. Alis, 
L 


EXAMPLE 2.—What is ¢ of 2 of $$? 

4AX3X16 3 og 

8XAX$2 8x2 7° 
2 


SOLUTION.— Ans. 


EXAMPLE 3.—What is the product of 823 and 24? 
SoLuTION.—The mixed number 323 when reduced to an improper frac- 


tion becomes XH? 22, Applying the first half of part IV of the 
rule, Art. 29, . 
3 
gg Vib pin PRL se BRUNE i rie eee 


$ 
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The solution of this example may also be found by means of the method 
given in the second half of part IV of the rule, Art. 28, asfollows: 3224 


3 
5X PA 


$ 
sary to add the two products, giving 768+15=783. That is, 
323 X24=783. Ans. 


=768, and 3X24= =15. Then, according to the rule, it is neces- 


EXAMPLES FOR PRACTICE 


1. Find the product of: 


(@) 7X%s. : (a) 1925 
(bs) 14x35. Ans.} (b) 42 
© #4xexé. (c) 3 


2. How long must a piece of stock be to make 4 bolts, if each bolt 
requires a piece of stock 3% inches long, including the allowance for cutting? 
Ans. 154 inches 


3. Eleven holes are spaced equally in a straight line, as in Fig. 11. 


a b 
DD PsP opPazP sso se Pog Pas? 
Pg TBA Tig HIVE ASG SG HFG SIG SG IGS 


Fic. 11 


What is the distance between the centers of the end holes a and 8, if the 
spacing from center to center of two adjacent holes is 33°s inches? 
Ans. 33% inches 


Note.—The number of spaces is one less than the number of holes, 


4. A single belt can transmit 1072 horsepower, but as it is desired to 
use more power, a double belt of the same width is substituted for it. Sup- 
pose that the double belt is capable of transmitting 13 times as much power 
as the single belt; how many horsepower can be used after the change? 

Ans. 15334 horsepower 


5. At 3032 pounds per mile, what is the weight of 23 miles of copper 
wire? Ans. 7963% lb, 
6. The grate of a steam boiler contains 20% square feet. If the boiler 
burns 83°5 pounds of coal an hour per square foot of grate area and can 
evaporate 7% pounds of water an hour per pound of coal burned, how many 
pounds of water are evaporated by the boiler in 1 hour? Ans. 1,276§ lb. 
IL T 300-6 ie 
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7, If an electrician receiving 70 cents an hour works on a job at dif- 
ferent times 84 hours, 7+ hours, 6} hours, and 5% hours, how much does 
he earn in dollars and cents, 100 cents equaling 1 dollar? 

Ans. 19 dollars 425 cents 


8. Amechanic works 56 hours in one week at 50} cents perhour. How 
much pay does he receive for that week? Ans. 28 dollars 28 cents 


9. Condensed water is discharged by a return pipe at the rate of 733 
gallons per hour. If the discharge takes place during a period of 10% hours 
per day, how many gallons will be discharged in 9% days? 

Ans. 7,2993%%5 gal. 
Nortr.—A return pipe conveys the condensed steam in a heating system back to the 
steam boiler in which the steam was generated. 

10. A foundry turns out 85 cast-iron pulleys weighing 622 pounds 
apiece. What is the total amount of metal used? Ans. 5,323% Ib. 


DIVISION OF FRACTIONS 


33. Compound Fractions.—The sign of division used for 
whole numbers is also used for fractions, as +4, or the division 
may be indicated by writing the dividend above the divisor 

1 


with a heavy line between them, as 2. 
4 


A fraction whose terms are whole numbers, as 3 or 3, is called 
a simple fraction in distinction from a compound fraction, 


either or both of the terms of which are simple fractions. The 
1 1 
z z 
=, 5, and = 
PP ones 


34. Reciprocal of a Fraction.—Any whole number may 
be considered as a fraction with 1 as its denominator; thus, 16 
may be written 4°. The reciprocal (pronounced ree-sip’-ro- 
kal) of a fraction is obtained by inverting the fraction; that is, 
turning it upside down by writing the denominator above the 
line and the numerator below. Thus, the reciprocal of 12, 

12 


which may be written 72, is 7y; the reciprocal of 2 is 4, etc. 
The reciprocal of the fraction $ is $, and of 44 is 4, 


fractions are compound fractions. 


35. Preliminary Remarks on Division of Fractions. 
At first it may seem difficult to understand what is meant by 
dividing a number by a fraction or dividing one fraction by 
another. An attempt will therefore be made in the following 
to make the subject clearer. The case of dividing by a whole 
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number will be dealt with first, as, for instance, 12+3. The 
question to be answered by this expression is: How many times 
is the number 3 contained in the number 12? Or, into how 
many parts may 12 be divided, if each part is to consist of 
3 units? Or, by what must 3 be multiplied in order to make 
the product 12? The answer to all three questions is 4. 

As the divisor decreases in value, the quotient will increase, 
until finally, with a divisor equal to 1, the dividend and the 
quotient will be equal. For instance, 12+1=12, showing that 
the number 12 may be divided into 12 parts, each equal to 1. 
Judging from this fact, one may draw the conclusion that on 
dividing by a number smaller than 1, as, for instance, with a 
proper fraction, the quotient will become greater than the 
dividend, and this is found to be the case. 


36. Proceeding now to division by fractions, the first exam- 
ple chosen for further consideration is 9+}. The problem 
indicated by this expression is to ascertain how many times 
the fraction 4 is contained in the number 9. Or, by what num- 
ber must 4 be multiplied in order to make the product 9? As 
the number 1 contains 3 parts, each equal to one-third of the 
number, it follows, that the number of one-thirds contained in 
9 must be equal to 9X3=27. In other words, } must be mul- 
tiplied by 27 to make the product 9. This example shows that 
when dividing by a fraction having 1 as a numerator, the quo- 
tient is found by multiplying the dividend by the denominator 
of the divisor. That is, the divisor is inverted, or turned upside 
down, and used as a multiplier. Thus, 9+4=9X?=27. Mul- 
tiplying by the inverted fraction is equivalent to multiplying 
by the reciprocal; the latter term was defined in Art. 34. 

The same reasoning holds good in the case of dividing one 
fraction by another. For instance, in the expression $+} it 
is required to find how many times # is contained in #. As the 
fraction ¢ is 4 times as great as 4, it is evident that 3 is con- 
tained 4 times in 4, and that the quotient must be 4. The same 
result is obtained by inverting the divisor and multiplying; 
thus, #+4=4x<?=32=4. 

In this case, also, the quotient is greater than either the 
divisor or the dividend. 


4 + 
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If, in the preceding expression, the divisor } is replaced by 2, 
as 4+, it is evident that as the divisor has been doubled in 
size, the number of times it is contained in the dividend is cor- 
respondingly decreased. In this case the dividend must be 
divided by 2; or, 4+2=2, instead of 4, as in the preceding 
example. This result. . also ss by multiplying by the 
inverted divisor, or #+2=4xX5=20=2. 
After these preliminary explanations the subject of dividing 
fractions will be considered more in detail. 


37. Rule for Dividing Fractions.—One fraction can be 
divided by another fraction without reducing them to a common 
denominator. 

In dividing fractions the following rule applies: 


Rule.—To divide by a fraction, multiply by its reciprocal. 
Reduce mixed numbers to improper fractions before dividing. 


EXAMPLE 1.—Divide 3 by 35. 
SoLutIonN.—In this case, the divisor is 7, and its reciprocal is 45. 


Then, according to the rule, 


4 
SKS ss 
dis EX — Gye =12~92, Ans. 


EXAMPLE 2.—Divide 2 by 3. 


SoLuTION.—The divisor is 3, and its reciprocal is }. According to the 
rule, the fraction is to be multiplied by this reciprocal; then, 


EXAMPLE 3.—Divide 48 by 35. 

SoLuTIon.—The divisor is 35 and its reciprocal is 4. Then, 
16 
48X16 


48+ 3 =48x1f= 3 =256. Ans. 


EXAMPLE 4.—Divide 132 by 23. 


SoLUTION.—First reduce both mixed numbers to improper fractions; 
thus, 132 =52 and 33=$. Then 


ala 

_BBXB 
eo eae 
2 


133 +234 =28 $8 =582 53. Ans. 
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EXAMPLE 5.—A bar of steel 238 inches long is divided into 7 equal parts. 
What is the length of each part? 


SoLution.—The length of each part must be 233+7. Now, 233 =182, 
The reciprocal of 7is +. Then, applying the rule, 


27 
eigge™, =32 
8Xfh F 
Therefore, the length of each part is 32 inches. Ans. 


89. 89 
13° +7=1Pxt= 


EXAMPLES FOR PRACTICE 


1. In the following examples, divide: 


(a) 15 by 6%. (a) 24 
(6) 172 by €. Ans.{ (b) 215 
(c) *G% by 143. () 188 
2. How many gears, each 1} inches thick, can be set side by side ina 
space 45 inches long? Ans. 40 


3. A distance measuring 343'5 inches is divided into 15 equal parts. 
What is the length of each part? Ans. 233 inches 


4, A boiler plate containing 24 square feet of surface weighs 362i45 
pounds. What is its weight per square foot? Ans. 1575 Ib. 


5. A certain boiler has 927% square feet of heating surface, which is 
equal to 35 times the area of the grate. What is the area of the grate in 
square feet? Ans. 263 


6. If the distance around the rim of a locomotive driving wheel is 
13345 feet, how many revolutions will the wheel make in traveling 682 feet? 
Ans. 527%% rev. 


7. A tank containing 1,830 gallons of water supplies a family whose 
daily consumption, according to a meter, averages 5214 gallons. How 
many days’ supply does the tank contain? Ans. 37°73 days 


8. If one horsepower will drive 332 cotton looms of a certain kind, hov 
much power will be required for 4 weave room containing 600 looms? 
Ans 150 horsepower 


y, How many polts can be obtained trom a steel bar 152 inches in 
length, if each bolt requires a piece 314% inches long? Ans. 4 bolts 


10. A piece of land having an area of 12% acres is to be divided into 
plots, each plot containing 2 of an acre. How many plots will there be? 
i Si Ans. 34 plots 
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COMBINED PROCESSES 


MULTIPLICATION AND DIVISION COMBINED WITH ADDITION 
AND SUBTRACTION 

38. Order of Operations.—When the numerator or the 
denominator of a fraction contains several numbers or fractions 
connected by signs that indicate different processes, such proc- 
esses must be performed in the order used in the case of whole 
numbers; that is, unless otherwise indicated, multiplication and 
division must precede addition and subtraction. The method 
to be used is shown in the following examples: 


£+3Xx9 
105g -—$ X12" 

SoLution.—As multiplication must precede addition, first find the 
product of 3X9. Add this product to $ and divide the sum by the dif- 
ference between 10}¢ and the product of $X12. The numerator, or 


3 


_ 
dividend, is 4X9 =6; 4416=61= 28. The denominator, or divisor, is 


EXAMPLE 1.—Find the value of 


: 


a 
o 
[Xi2=9; 10hf—9=135-44 


Therefore, 


_4t+3X9_ os, 25 16 _25X4 p00 a7 
1038 —2X12 ze Spawie 


EXAMPLE 2.—Find the value of ————— 
. . 
att+etis 
? F 1 2 2 
Sotution.—The denominator $+¢+4+4+75 =H 43354-2544 
We . 
=75. Therefore, the whole fraction 
1 it 
5 Oo Tae 140 140 $ 
7 =1+779=1X 97 — 97% —143. Ans. 


attt+tivs th 
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EXAMPLES FOR PRACTICE 


Find the value of the following expressions: 


nee 
1 Ls Lee 
Mee ((0) 33% 
1 
(0) 4+ : Ans.{ (b) 8% 
tite asters 
1 (c) 455 
(c) +3x33. 


FACTORS AND AVERAGES 


39. Factors.—In some calculations it is necessary to factor 
a fraction or a whole number, that is, to separate the fraction 
or the number into its factors. The factors of a number are 
simply those numbers which, when multiplied together, will 
equal the number. Thus, 2 and 3 are factors of 6, because 
2X3=6; 2 and 5 are factors of 10, because 2X5=10; 3 and 4 
are factors of 12, because 3X4=12. But 6 and 2 are also fac- 
tors of 12, because 6X2=12; also, 3, 2, and 2 are factors of 12, 
because 3X2«2=12. 

A fraction is factored by finding the factors of its numerator 
and denominator. Thus, the factors of +% are 5 and 2, because 


=aX4- 


Some numbers have no factors except themselves and 1; thus, 
the factors of 5 are 1 and 5, because 1X5=5. The factors of 
7 are land 7;of11 tand 11; o0f 18, 1and138;andsoon. Such 
numbers are called prime numbers, as explained in Art. 6. 

The same number may often be factored in several different 
ways; thus, 24=6x4, or 3X24, or 3X8, or 6X2X2, or 
3X2X2x2, because the product of each of these groups of 
numbers is Ee Similarly, the fraction $> has the factors ¢X$ 
5X8, 343, and many others. 


40. Averages.—It often becomes necessary to find the 
average of several numbers; for instance, a number of men will 
require different lengths of time in which to do a piece of work, 
and it may be required to find-the average time. 
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The average of several terms is equal to their sum divided 
by the number of terms. 


EXAMPLE 1.—Find the average of the numbers 6, 12, 8, 10, 11, and 7. 


SoLuTION.—There are six numbers, and their sum is 6+12+8-+10+11 
+7=54. Then, the average is54+6=9. Ans. 


EXAMPLE 2.—If five gear-wheels weigh 28, 12, 36, 25, and 14 pounds, 
respectively, what is the average weight per wheel? 


SoLutTion.—There are five wheels, and the sum of their weights is 
28+12136425114=115 pounds. The average is therefore 115+5 
=23 pounds. Ans. 

It will be noted that if the average is multiplied by the num- 
ber of things it will give the sum. Thus, in example 1 the aver- 
age of six numbers is 9; hence, the sum of the six numbers is 
9xX6=54. In example 2, the average weight of the gears is 
23 pounds; hence, the weight of the five gears is 23X5=115 
pounds. 


EXAMPLES FOR PRACTICE 


1. A workman finishes 23 pieces of work on Monday, 26 on Tuesday, 
19 on Wednesday, 27 on Thursday, and 20 on Friday. What is the aver- 
age per day? Ans. 23 


2. Six workmen engaged on the same class of work require 48, 42, 56, 
50, 45, and 51 minutes, respectively. What is the average time for the 
work? Ans. 483 minutes 


3. If the average weight of eight castings is 3343 pounds each, what 
is the total weight of the castings? Ans. 2,676 Ib. 


4. Six rivets measure, respectively, 24, 23%, 2%, 2%, 27%, and 24 inches 
inlength. What is the average length? Ans. 23% inches 


5. What prime numbers are factors of: (a) 210? (0) 1,001? 
ie 250s ANCE 
“L(0) 7, 11, and 12 


DECIMALS 


FUNDAMENTAL OPERATIONS 


DEFINITIONS, NUMERATION, AND NOTATION 


DEFINITIONS OF TERMS AND NUMBERS 


1. Decimal Fractions.—In many branches of industry 
and in nearly all books of a scientific nature, it is found advan- 
tageous to use a form of fraction known as a decimal, or 
decimal fraction, as by its use the main fundamental processes 
of arithmetic are greatly simplified. 

Decimals are tenth fractions; that is, they indicate tenth 
parts of a unit or their subdivisions into hundredths, thou- 
sandths, etc. The denominator of a decimal consists, therefore, 
always of the figure 1 followed by one or more ciphers, as 
10, 100, 1,000, etc.; for this reason it is possible to use an 
abbreviated method in writing decimal fractions and to dis- 
pense entirely with the method adopted in writing common 
fractions. Thus, instead of drawing a line below the numerator 
and writing the denominator below it, the line and the denomi- 
nator are omitted in a decimal fraction and replaced by a point. 


2. Decimal Point.—The decimal point (.) used in 
decimals is written at the left of the number expressing the 
numerator. For example, .3 is a decimal, and it is read three 
tenths. Its value is the same as the fraction 3%;; that is, .3=-3. 
Every decimal consists of a decimal point followed by one or 
more figures. For instance, .25, .625, .73056, etc. 


Nore.—In English technical literature the decimal point is above the 
base line and before the middle of the figure, as *32. On the European 
continent the decimal point is, in general, replaced by a comma placed 
on the base line in the usual position. 

{ * 
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3. Decimal Places.—Each figure to the right of a 
decimal point occupies a decimal place. These decimal places 
are of great importance in decimals, as the place occupied by a 
figure serves as a means for indicating the value of its denomi- 
nator. When referring to the number of figures after a decimal 
point, it is customary to state the number of places occupied 
by them. Thus, in the decimals .47 and .372, there are two and 
three places, respectively. 


4. Numerator and Denominator.—The numerator 
of a decimal fraction is the number that follows the decimal 
point, and the denominator is the figure 1 followed by as 
many ciphers as there are places in the decimal. To illustrate, 
take the decimal .42. The number following the decimal point is 
42, which is the numerator; the figures after the decimal point 
occupy two places, that is, the decimal has two places. Hence, 
the denominator is 1 followed by two ciphers, or 100. Then, 
the value of .42 is -45, and it is read forty-two hundredths. 


5. Changing Value of Denominator.—The value of 
the denominator of a decimal fraction depends on the number 
of decimal places. Thus: 

One decimal place expresses tenths 

Two decimal places express hundredths 

Three decimal places express thousandths 

Four decimal places express ten-thousandths 

Five decimal places express hundred-thousandths 

Six decimal places express millionths 

The following series of decimals shows how’the number of 
places in a decimal fraction affects the value of its denomina- 
tor, the same numerator, 3, being used in each decimal: 


me) = +; =3tenths 

03 = te =d3hundredths 

003 = ze =3 thousandths 

0003 = todos ‘'=3 ten-thousandths 
00003 “~ =po4o7 =3 hundred-thousandths 


.000003 = sos3007 = 3 millionths 


From these examples it is seen that to change a decimal to a 
common fraction, the number in the decimal is written as the 
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numerator, and the numeral 1 followed by as many ciphers as 
there are decimal places in the decimal is written as the denomi- 
nator. It is important to remember these facts. For example, 
let it be required to write the decimal .5625 as a common frac- 
tion. The number 5625 is the numerator of the fraction; there 
are four decimal places, hence the denominator is 1 and four 
ciphers, or 10,000, and the complete fraction becomes 38,545. 


6. Mixed Numbers.—Very often there are figures writ- 
ten to the left of the decimal point as well as to the right of it, 
as, for example, 12.5, 7.25, and 18.125. These are called 
mixed numbers, because each consists of a whole number 
and a fraction combined. The decimal point simply separates 
the whole number at its left from the decimal at its right. The 
number 12.5 is read twelve and five tenths; 7.25 is read seven 
and twenty-five hundredths; 18.125 is read eighteen and one 
hundred twenty-f-ve thousandths. Another method of reading 
these numbers is as follows: The number 12.5 is read twelve 
point five; 7.25 is read seven point twenty-five ; 18.125 is read 
eighteen point one hundred twenty-five. 

Sometimes decimals are written with a cipher to the left of 
the decimal point, as 0.6. The cipher in this case merely shows 
that there is no whole number. A decimal thus written has 
the same value, and is read in the same way, as though the 
cipher were omitted. 


NUMERATION AND NOTATION 


7. Numeration of Decimals.—The relation of decimals 
and whole numbers is clearly shown by the following table: 


D ae 
q = a 
fe) fas) =) n 
ae Y us) “e| 
= sa}. Race ic nay 
S ae ns S 
Bee Bele as Go rs) 
16S yo ~ 3 WM eo 
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Yn N Gay Qy He) 2) Fees OF ial 
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As stated in Art. 1, decimals are tenth fractions, that is, 
they are hased on the scale of ten, each division and sub- 
division being divided in tenths. In the preceding table the 
starting point is the wnits place in both decimals and whole 
numburs. The decimals decrease on the scale of ten to the 
right, and the whole numbers increase on the scale of ten to 
the left. The first figure to the left of units is tens, and the 
first figure to the right of units is tenths. The second figure to 
the left of units is hundreds, and the second figure to the right 
is hundredths. The third figure to the left is thousands, and 
the third to the right is thousandths, and so on. The figures 
equally distant from units place correspond in name, the 
decimals having the ending ths, to distinguish them from the 
whole numbers. 


8. Inreading a decimal, the number indicating the numer- 
ator is read first as if it were a whole number, and then 
the denominator is stated. Thus, .725 is read seven hundred 
twenty-five thousandths; .0175 is read one hundred seventy- 
five ten-thousandths. 

In reading mixed numbers, the whole number is read first, 
followed by the word and and then the decimal. For example, 
the mixed number in the table of Art. 7 is read nine hundred 
eighty-seven million six hundred fifty-four thousand three 
rnundred twenty-one and twenty-three million four hundred 
fifty-six thousand seven hundred eighty-nine hundred-mil- 
lionths. 


9. Notation of Decimals.—In writing a decimal, the 
number indicating the numerator is written first and the posi- 
tion of the decimal point is then located, so as to give as many 
decimal places as there are ciphers in the denominator. The 
places are counted from the right-hand figure of the numerator 
toward the left, and ciphers are prefixed to the numerator if 
this is necessary to-obtain the required number of places before 
placing the decimal point. Locating the decimal point is called 
pointing off the decimal. 


ExAMPLE.—Express seventeen thousandths 2s a decimal. 
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So.ution.—The numerator is 17; the denominator is 1,000, in which 
there are 3 ciphers. From Art. 4 and the preceding rule there should 
be as many places in the decimal as there are ciphers in the denomina- 
tor; that is, there must be three places. As the number 17 requires 
only two places, it must be “preceded by a cipher to obtain the required 
three decimal places, making it 017. Ans. 


10. In writing decimals the following points should be 
remembered: 

1. Annexing ciphers to the right of a decimal or removing 
ciphers from the right of a decimal does not change its value. 

For example, .5=.50, because 75=75%, also .1200=.12, 
because tvoo's = 10. 

2. Inserting a cipher between the decimal point and the 
first figure of the decimal divides the decimal by to. 

For example, .5+10=.05, because .5=455 and 3+10=45 
Xas= ris, or .05. Likewise, .05+10=.005; .005+10=.0005; 
etc. The last statement may, therefore, also be made in the 
following form: 

Moving the decimal point to the left in a number divides the 
number by ro for each place that the point is moved. 

3. Taking away a cipher from the left of a decimal mul- 
tiplies the decimal by 10. For example, .0005X10=.005, 
because .0005 =rsb00 and rod00 X10 = 1's = ros = .005. 
Likewise, .00510=.05;..0510=.5; etc. 

The last statement may also be given the following wording: 

Moving the decimal point to the right in a number multiplies 
the number by ro for each place the point is moved. 


41. In some cases, a mixed number containing a decimal 
may be more conveniently expressed in the form of a common 
improper fraction. To do so, it is only necessary to write the 
entire number, omitting the decimal point, as the numerator 
of the fraction, and the denominator of the decimal part as 
the pee unater o the fraction. Thus, 127.483 = +2348; for, 
127.483 =1277485) =4435082 +o = sere = ts. 
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EXAMPLES FOR PRACTICE 


Express decimally : 


(a) Fourteen ten-thousandths. (a) .0014 
(b) Forty-seven millionths. (b) .000047 
(c) Four and two tenths. Ans. 4 (c) 4.2 

(d) Seven hundred twenty-five hundred- 


thousandths. (d) .00725 


ADDITION OF DECIMALS 


12. Arranging the Numbers.—In the addition of 
decimals, tenths are placed under tenths, hundredths under 
hundredths, etc.; this, of course, brings the decimal points in 
a vertical line, that is, one directly under another. Then addi- 
tion is performed exactly as in the case of whole numbers. 
Hence, in placing the numbers to be added, it is only necessary 
to take care that the decimal points are in the same vertical 
line. In adding whole numbers, the right-hand figures are 
always in line; but in adding decimals, the right-hand figures 
will not be in line unless the decimals contain the same number 
of figures. To insure that the right-hand figures of whole and 
mixed numbers are always placed in a vertical line, a whole 
number is sometimes represented as a mixed number by placing 
a decimal point at its right end, it being understood that the 
decimal places are occupied by ciphers. In example 1, Art. 13, 
the numbers 242 and 6 are treated in this manner, 

The similarity in the arrangement of whole numbers and 
decimals is seen from the three succeeding examples, of which 
the first shows the addition of whole numbers, the second that 
of decimals, and the third the addition of mixed numbers. In 
the first example the right-hand figures are all in line, but this 
is not the case with the examples containing decimals. 


whole numbers decimals mixed numbers 
342 e 342 342.032 
4234 4234 42345 
26 26 26.6782 
3 03 3.06 


sum 4605 Ans, sum 10554 Ans. sum 4606.2702 Ans, 


§3 DECIMALS 1 


13. Rule for Adding Decimals.—To add decimals, 
proceed according to the following rule: 


Rule.—Place the numbers to be added so that the decimal 
points will be directly under one another. Add as in whole 
numbers, and place the decimal point in the sum directly under 
the decimal points above. 

The application of the rule is shown in the succeeding 
examples. 


Exampre 1.—What is the sum of 242, .36, 118.725, 1.005, 6, and 100.1? 


SoLuTION.— 242. 
36 
PUS7.25 
1.005 
6. 
1061 
468190 Ans. 


Examp.e 2.—A bar is marked off into 8 parts measuring 1.25, 4.3125, 
2.305, 7.6, 10.4375, 5.5625, .875, and 3.0625 inches in length. What is the 
total length of the bar? 


Sotution.—The length of the bar is the sum of the lengths of the 
parts. The numbers are arranged with the decimal points in a vertical 
line, and added. Thus: 


3.0625 
35.4050 Ans, 


The total length, therefore, is 35.405 inches, 


EXAMPLES FOR PRACTICE 


1. In the following examples, find the sum of: 


(a) .2143, .105, 2.3042, and 1.1417. nee (a) 3.7652 
(6) 783.5, 21.473, .2101, and .7816. “| (b) 805.9647 


Oe hal 
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2. Four round pieces of bar steel, when measured accurately, are 
found to have lengths of 11.25, 7.625, 1.3125, and 5.4375 inches (abbre- 
viated in.), What is their total length when placed end to end? 

Ans, 25.625 in. 


3. The estimated weights of the parts of a return-tubular boiler 
were as follows: Shell, 3,626 pounds; tubes, 3,564.5 pounds; manhole 
cover, ring, and yoke, 270.34 pounds; stays, etc., 1,089.4 pounds; steam 
nozzles, 236.07 pounds; handhole covers and yokes, 120.25 pounds; 
feedpipe, 34.75 pounds; boiler supports, 350.6 pounds. What was the 
total estimated weight of the boiler? Ans. 9,291.91 Ib. 


4, The five sides of a field measure, respectively, 8.13 rods, 4.63 rods, 
7.88 rods, 4.76 rods, and 9.29 rods. What is the total length of the 
sides? Ans. 34.69 rods 


5. There are four electric lamps connected to a circuit. The lamps 
require current as follows: 1 ampere, .5 ampere, .3 ampere, and .25 
ampere, respectively. What is the total current in amperes required by 
the four lamps? Ans. 2.05 amperes 


6. A sample of coke was burned to test its quality. The coke was 
found to contain 5.79 pounds of ash, .597 pound of sulphur, and 93.613 
pounds of carbon. What was the weight of the sample? Ans. 1001b. 


7. The inside width of a square steel box is 6.065 inches, and the 
thickness of the walls is .280 inch. What is the outside width of the 
box? Ans, 6.625 in. 


Note.—Two opposite walls of the box must be considered in this example. 


8. During a five-day voyage a steamer passes over the following dis- 
tances: 384.75 miles, 372.825 miles, 356.5 miles, 392.625 miles, and 
345.25 miles. What was the total distance covered? Ans. 1,851.95 miles 


9. A farmer has 10.5 acres in one field, 8.75 acres in another, and 
30.25 acres in a third field. How many acres does he possess in all? 
Ans. 49.5 acres 


10. A merchant sold to four customers the following quantities of 
cloth: 5.125 yards, 15.5 yards, 9.3125 yards, and 6.625 yards. What is 
the total length of the cloth that was sold? Ans. 36.5625 yd. 


11. By carefully measuring the six sides of a tract of land it was 
found that the first side measured 537.68 feet, the second 87.36 feet, the 
third 836.39 feet, the fourth 732.12 feet, the fifth 237.26 feet, and the 
sixth 523.69 feet; what is the exact distance around the property? 

Ans. 2,954.50 ft. 
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SUBTRACTION OF DECIMALS 


14. Rule for Subtracting Decimals.—In the sub- 
traction of decimals, tenths are placed under tenths, hun- 
dredths under hundredths, etc., bringing the decimal points in 
@ vertical line, as in addition of decimals. 


Rule.—Place the subtrahend under the minuend, so that 
the decimal point of the subtrahend will be directly under that 
of the minuend. Subtract as in whole numbers, and place the 
decimal point im the remainder directly under the decimal 
points above. 

When the figures in the decimal part of the subtrahend 
extend beyond those in the minuend, place ciphers in the 
minuend above them, and subtract as in the case of whole 
numbers. 


EXAMPLE 1.—Subtract .132 from .3063. 


So.uTIon.— minuend 3063 
subtrahend 132 
difference 1743 Ans. 
Tt is understood that the fourth decimal place of the subtrahend is 
occupied by a cipher. 


ExaAmp.Le 2.—A bar 7.895 inches long has a piece .725 inch long cut 
away from one end. What length remains? 
Sotution.—The length remaining must be the difference between 
7.895 inches and .725 inch. 
minuend 7.895 
subtrahend .725 
difference7.1700r7.17 Ans. 
That is, the length remaining is 7.17 inches. 


ExampLe 3.—A block 11 inches thick has .625 inch planed from it. 
What is its thickness then? 
Sotution.—The resulting thickness is the difference between 11 and 
.625 inches. 
minuend 11.000 
subtrahend .625/ 


difference 10.375 Ans. 
That is, the thickness is then 10.375 inches. 


« P 


ILT 300-7 
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EXAMPLES FOR PRACTICE 


1. In the following examples, from: 


(a) 407.385 take 235.0004. por bess 172.3846 
(b) 22.718 take 1.7042. “| (b) 21.0138 


2. A block of steel 1.0625 inches thick is cut down to a thickness of 
9375 inch. What thickness of metal is removed? Ans, 125740, 


3. Ifa bar 3.25 inches long has a piece 1.625 inches long cut away, 
what is the length of the remainder? Ans. 1.625 in. 


4. If the temperature of steam at 5 pounds pressure is 227.964 
degrees and at 100 pounds pressure is 337.874 degrees, how many degrees 
hotter is the steam at the higher pressure? Ans. 109.91 


5. Ina cistern that will hold 326.5 barrels of water there are 178.625 
barrels. How much does it lack of being full? Ans. 147.875 barrels 


6. A man left to his son and to his brother portions of his estate 
amounting to .33 of the whole. If the portion received by the son was 
.25 of the estate, what portion did the brother receive? Ans. .08 


7. One bar is 12.0013 inches and another bar 5.9938 inches long. 
What is the difference in length? Ans. 6.0075 in. 


8. A liquid-measure quart has 57.75 cubic inches, and a dry-measure 
quart has 67.200625 cubic inches. Find the difference in cubic inches 
between the two kinds of quart measures. Ans, 9.450625 cubic in. 


9. One cubic foot of water weighs 62.37 pounds, and one cubic foot 
of ice weighs 57.5 pounds. How much heavier is the water than the 
ice? Ans. 4.87 Ib. 


10. In testing a sample of coke weighing 100 pounds it was found to 
contain 5.78 pounds of ash and .586 pound of sulphur; the remainder 
was carbon. How much carbon did the sample contain? 


Ans. 93.634 Ib. 


MULTIPLICATION OF DECIMALS 


15. Rule for Multiplication.—Multiplication of deci- 
mals is similar to multiplication of whole numbers. The 
right-hand figure of the multiplier is placed under the right- 
hand figure of the multiplicand, irrespective of the relative 
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positions of the two decimal points; in other words, the points 
need not be in a vertical line. The number of decimal places in 
the product depends on the.total number of decimal places 
found in the multiplier and the multiplicand. The preceding 
statement may be formulated as a rule, as follows: 


Rule.—Place the multiplier under the multiplicand, disre- 
garding the position of the decimal points. Multiply as with 
whole numbers, and in the product point off as many decimal 
places as there are decimal places in both multiplier and mul- 
tiplicand, beginning at the right, and prefixing ciphers if 
necessary. 


16. Application of Rule.—The application of the pre- 
ceding rule is shown in the solutions of the following examples: 


Examete 1.—Multiply .825 by 13. 


Sotution.—In this example, there multiplicand 825 
are three decimal places in the mul- multiplier 13 
tiplicand and none in the multiplier; Ges 
therefore, three decimal places are 825 
pointed off in the product, beginning product 10725 pany 


to count at the right. 


ExAMPLe 2.—What is the product of 426 and .005? 


Sotution—In this example 
there are three decimal places in 


the multiplier and none in the multiplicand 426 
multiplicand; therefore, three multiplier .005 

decimal places are pointed off in product 2.1300r213 Ans. 
the product, counting from the 

right. 


17%. When a decimal, serving as a multiplicand or as a 
multiplier, contains one or more ciphers next to the decimal 
point, as .0049, such ciphers have no effect on the figures in 
the product, but they do affect the position of its decimal point. 

When multiplying decimals such as .3700, the ciphers at the 
right-hand end may be dropped, as they only make more figures 
to deal with and do not change the value of the product in any 
way. The following examples show the application of these 
statements; 
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Examp e 1.—Multiply 1.205 by 1.15. 


Sotution.—In the multiplicand there multiplicand 1.205 


are three decimal places and in the mul- multiplier 1.15 

tiplier two places, making in all five 6025 

places to point off in the product. 1205 
1205 


product 138575 Ans. 

ExampLe 2.—Multiply .232 by .001. 

Sotution—In this example the multiplicand is multiplied by the 
figure 1 of the multiplier, which gives 
232 as the product. The sum of the 
numbers of decimal places in the mul- 
tiplicand and multiplier is six, and six 
places must be pointed off in the prod- 
uct. But, as there are only three fg- # 
ures in the product, it is necessary to prefix three ciphers, as shown, to 
obtain the required number of decimal places. 


Examp ce 3.—Multiply .92500 by .313. 


Sotution.—According to the preceding statement the last ciphers in 
the decimal .92500 could be omitted without affecting the product. 
The correctness of this statement will be proved by first multiplying 
the decimals in their present forms and then multiplying without the 
ciphers in the multiplicand, the products being the same in each case. 


multiplicand LAS WE 
multiplier 001 


product 000232 Ans, 


In the solution (a) there must be eight decimal places in the product, 
eight being the sum of the decimal places in the multiplicand and 
multiplier. If the two ciphers are omitted from the multiplicand, as 
in (b), only six decimal places are required in the product. The two 
products are equal, because the two ciphers to the right of the decimal 
in the solution (a) have no value. 


(a) (b) 
multiplicand (925,010 multiplicand 925 
multiplier pon multiplier hls) 
277500 2775 
92500 925 
277500 2915 


product 28952500 Ans, product 289525 Ans, 
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EXAMPLES FOR PRACTICE 
i. In the following examples, find the product of: 


(a) .0004924.1418. © Ans. (@) -0020377656 
(b) 4,003,212 ") (b) 4,803.84 


2. Four equal distances of 2.375 inches are marked off, end to end, 
on a piece of work. What is the total distance marked off? 
Ans, 9.5 in. 


3. If 1 cubic inch of cast brass weighs .295 pound, what is the weight 
of a brass casting containing 768 cubic inches? Ans. 226.56 lb. 


4. Ifa steam pump delivers 2.38 gallons of water per stroke and runs 
at 51 strokes a minute, ‘how many gallons of water will it pump in 
58% minutes? Ans. 7,100.73 gallons 


5. Wishing to obtain the weight of a connecting-rod from a drawing 
it was calculated that the rod contained 294.8 cubic inches of wrought 
iron, 63.5 cubic inches of brass, and 10.4 cubic inches of Babbitt. 
Assuming the weight of wrought iron to be .278 pound per cubic inch, 
of brass .303 pound, and of Babbitt .264 pound, what was the weight of 
the rod? Ans. 103.94 Ib. 


Note.—Two decimal places in the answer is sufficiently accurate in this case. 


6. Three men 4, B, and C bought a tract of land for 42,685 dollars. 

A paid .35 of this price, B .44, and C .21. How much money did each 
invest? A, 14,939.75 dollars 
Ans. B, 18,781.40 dollars 

C, 8,963.85 dollars 


7. A tank contains 86 gallons of a solution of nitric acid. If in 
making each gallon of solution .012 gallon of nitric acid was used, how 
much acid was required for the 86 gallons? Ans. 1.032 gallons 


8. The cost of manufacturing a certain article is 132 dollars. Of 
this amount .6 was spent in the foundry, .3 on drilling, and the remain- 
der on filing. What is the cost of each operation? 

Foundry, 79.20 dollars 
Ans.? Drilling, 39.60 dollars 
Filing, 13.20 dollars 


9. Ifa man can shovel 1.7 cubic yards of clay into a cart in 1 hour, 
how many cubic yards of clay will he shovel in 4.75 days of 8 hours 
each? Ans. 64.6 cubic yards 


10. How many bricks will be laid by a bricklayer in 13.75 days, if 
he can lay 1,240 bricks per day? _ Ans. 17,050 bricks 
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DIVISION OF DECIMALS 


18. Rule for Division.—Division of decimals is very 
similar to division of whole numbers. The numbers are writ- 
ten and divided in the same way, the decimal point being dis- 
regarded while dividing. Before dividing, however, it may be 
necessary to annex ciphers to the decimal part of the dividend 
so as to make the number of decimal places in the dividend 
equal to or greater than the number in the divisor. Sometimes 
it is necessary to annex ciphers to the decimal part of the divi- 
dend to make it large enough to contain the divisor. The rule 
to be used is as follows: 


Rule.—I. Place the divisor to the left of the dividend, and 
proceed as in division of whole numbers; in the quotient, point 
off as many decimal places as the number of decimal places in 
the dividend exceed those im the dwisor, prefixing ciphers to 
the quotient, if necessary. 


II. If in dividing one number by another there is a remain- 
der, the remainder can be placed as the numerator in a frac- 
tion with the divisor as its denominator and considered as @ 
fractional part of the quotient, but it 1s generally better to annex 
ciphers to the remainder, and continue dividing until there are 
3 or 4 decimal places in the quotient, and then if there still is a 
remainder, terminate the quotient by the plus sign (+), which 
shows that tt can be carried farther. 


19. Division Without a Remainder.—The application 
of the preceding rule is shown in the solutions of the following 
examples in which the divisor is contained in the dividend with- 
out a remainder. The quotient obtained by such division is 
known as an exact decimal. 


Examp Le 1.—Divide .625 by 25. 


Sorution.—The dividend has 3 deci- se Aces ek ke oa 
mal places and the divisor none; there- 25).625(.025 Ans. 


fore there are 3—0=3 decimal places in 50 
the quotient. One cipher has to be pre- 125 
fixed to the number in the quotient, to 125 


make the 3 decimal places required. remainder 0 
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ExampLe 2.—Divide 6.035 by .05. 


SotuTion.—In this example the divi- 
dend is divided by 5 in the divisor, as if 
the cipher were not before it. The divi- 
dend has 3 decimal places and the divisor 
2; the difference being 1, one decimal 
place is pointed off in the quotient. 


EXxampLe 3.—Divide .125 by .005. 


Sotution.—In this example there are 
the same number of decimal places in 
the dividend as in the divisor; therefore, 
no decimal places are pointed off in the 
quotient. 


EXAMPLE 4.—Divide 326 by .25. 


Setution.—As 326 is a whole num- 
ber, it must have annexed to it a deci- 
mal portion consisting of two ciphers in 
order to make the number of decimal 
places in the dividend and divisor equal. 
As a consequence, there are no decimal 
places in the quotient. 


Exampere 5.—Divide .0025 by 1.25. 


15 


divisor dividend quotient 
05)6035(120.7 Ans. 
3 
10 
10 
35 
35 


remainder 0 


divisor dividend quotient 


DOS IPSC 2S ane 
10 
eS 
25 


remainder 0 


iY) .3 20:0 01 G30 4 Ans: 


Sotution.—According to Art. 18, the divisor and dividend may be 
considered as whole numbers in dividing. When considered as such, it 
is seen that the dividend 25 will not contain the divisor 125; a cipher 


must therefore be annexed to the num- 
ber 25, thus making the dividend 250. 
As 125 is contained twice in 250, the 
quotient is 2. In its present form the 
dividend contains 5 decimal places; there 


25) 0102 510 COOZ SAns: 
250 
0 


are 2 decimal places in the divisor. The difference, 5—2=3, is the num- 
ber of the required decimal places in the quotient. In order to point 
off 3 decimal places, two ciphers must be prefixed to the figure 2, 
thereby making .002 the quotient. 


20. Short division should be used not only for whole num- 
bers, but also for decimals, whenever it is advantageous to 
apply it. For instance, examples 2 and 3 in the preceding series 
can easily be solved by short division. Example 3 would be 
solved as follows: 
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Exampie.—Divide .125 by .005. 


Sotution—The explanation accompanying divisor dividend 
the solution of example 3, Art. 19, applies 005) .125 
also here. quotient 25 Ans. 


21. Division With a Remainder.—In the foregoing 
examples, the divisor was contained in the dividend without 
any remainder. The method to follow in case there is a remain- 
der is shown in the following examples: 


ExamMpLe—What is the quotient of 199 divided by 15? 


Sotution.—In solution (a) the dividend and the divisor are treated as 
whole numbers, and the remainder, 4, is used as the numerator in a frac- 
tion where the divisor, 15, is the denominator. The quotient is a mixed 
number consisting of the whole number 13 and the fraction 7%, or 13:5. 


a b 
R53) ETO sete PATS aloe) Lesnin aes Ans. 
15: 15 
49 49 
45 45 
remainder 4 40 
30 
100 
oe 
100 
noe 
remainder 10 


In solution (b) the dividend is treated as a decimal, a decimal 
point being placed to the right of the dividend and a number 
of ciphers added corresponding to the number of decimal places 
required in the quotient. In this case 3 ciphers are added, but it is 
noted that after including these in the division there is still a remainder 
of 10; in fact, this example belongs to one of those cases in which the 
division does not end. If the fraction +4; in solution (a) is reduced to 
a decimal (by the method to be explained later), it becomes .266. 
This shows that the quotients obtained in solutions (a) and (b) are 
equal, or, 13,4=13.266. 


22. In many-~ cases of decimal division there is a 
remainder, so that the quotient can be continued without a 
limit. Decimals of this kind are known as interminate. In 
the case of an interminate decimal it is necessary to decide how 
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many decimal places are required in the quotient. Three 
decimal places are sufficient for most practical purposes, and 
more than four or five are rarely needed. After the number of 
places required has been decided on, the work of division is 
carried one place farther. This extra figure, which is subse- 
quently omitted, serves as a means for a closer adjustment of 
the last figure in the required decimal. Thus, if the extra 
figure is 5 or a greater number, the preceding figure is increased 
by 1, a minus (—) sign being annexed to it to show that the 
quotient is not quite as large as indicated. 

For instance, if in the last example in Art. 24 it had been 
required to obtain the answer correct to 4 decimal places, the 
work should have been carried to 5 places, obtaining 13.26666. 
Here, the fifth, or extra, figure is larger than 5, hence in 
omitting it, the fourth figure is increased by 1, and the required 
answer is 13.2667—. 

If the extra figure in the decimal is less than 5, the preceding 
figure is left unaltered, when omitting the extra figure, but a 
plus sign (+) is written in its place to indicate that the true 
value of the quotient is slightly greater than that given. For 
example, if it is desired to retain 4 decimal places in the 
number 73.41823 it would be expressed as 73.4182+, the plus 
sign indicating that the true result is slightly larger than that 
shown. 

These remarks apply to any other calculation involving 
decimals, when it is desired to omit some of the figures in the 
decimal. Thus, if it is desired to retain 3 decimal places in the 
number .2471253, it would be expressed as .247+; if it was 
desired to retain 5 decimal places, it would be expressed as 
.24713—. Both the + and — signs are frequently omitted ; 
they are seldom used outside of arithmetic, except in exact cal- 
culations, when it is desired to call particular attention to the 
fact that the result obtained is not quite exact. 


23. In works of a scientific nature and in calculations deal- 
ing with minute quantities, where it is desirable to make a dis- 
tinction between exact and interminate decimals, it is customary 
to annex a cipher to the last place of the exact decimal. Thus, 

.* 
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by adding a cipher to the decimal .375 and writing .3750 it is 
intended to convey the information that the decimal is without 
a remainder. 

In tables consisting of exact and interminate decimals it is 
sometimes necessary, for the sake of uniformity, to add several 
ciphers to an exact decimal. Thus, in the following column 
there are added two ciphers to the exact decimal 5, so as to 
obtain the same number of places as in the adjoining decimals. 


14.392 
12.500 
271.83 


24, Repeating Decimals.—When in dividing decimals 
the divisor is not contained in the dividend without a remain- 
der, the division may be continued indefinitely; that is, the 
quotient is interminate. In such cases one figure of the quo- 
tient may continue to repeat itself. Thus, in dividing 1 by 6 
the quotient is .1666..., the figure 6 continuously repeating 
itself. The decimal is known as a repeating decimal, or 
repeater. The fact that a figure is a repeater is indicated by 
placing a dot over it ; thus, the preceding quotient is written .16. 
An instance of a repeating decimal was found in the example of 
Felsg ar 

Instead of only one figure repeating itself, it is possible for 
two or more to do so. For instance, on finding the quotient of 
7)1000000000000 , , Fabre 

T4eeepaeesy) ces 
that a whole group of figures keeps on repeating, the group 
consisting of the figures -1,4,2,8,5,7. This repeating decimal, 
which is sometimes called a circulating decimal, is written 
.142857, the two dots indicating the first and the last figure of 
the repeating group of figures. 


1+7 by short division, as 


EXAMPLES FOR PRACTICE 


1. In the following examples, divide: 


(a) 101.6688 by 2.36. ‘Ans, J (2) 43.08 
(b) 187.12264 by 123.107. ate 1.52 
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2. A bar 24.375 inches long is divided into equal parts measuring 
1.625 inches in length. How many parts are there? Ans. 15 


3. In the manufacture of a number of machines 612 pounds of 
bronze was required. If each machine used 12.75 pounds, how many 
machines were there? Ans. 48 


4. The cost of -18.75 tons of coal was 60.75 dollars: What was the 
cost per ton? Ans. 3.24 dollars 


5. A keg of boiler rivets weighs 100 pounds and contains 595 rivets. 
What is the weight of one of the rivets? Ans. .168-+ Ib. 


6. A bar, shown on a drawing, measures 18.75 inches in length. If 
it has to be divided into 6 equal parts, what will be the length of each 
part? ; Ans. 3,125 in. 


7. A spool contains 75.6 pounds of copper wire. How many coils, 
weighing 18.9 pounds each, can be made from the wire on the spool? 
Ans. 4 coils 


8. Five gallons of ready-mixed paint are required to cover a surface 
measuring 1,377.5 square feet. What will be the size of the surface, 
measured in square feet, that may be covered by 1 gallon of paint? 

Ans. 275.5 square feet 


9. If a carpenter can lay 5,750 shingles in 5.75 days, how many 
shingles can he lay in 1 day? Ans. 1,000 shingles 


REDUCTION OF FRACTIONS AND DECIMALS 


REDUCING FRACTIONS TO DECIMALS 


25. Rule for Reduction.—Common fractions must fre- 
quently be changed to decimals; for example, fractions of an 
inch must be changed to equivalent decimals. The following 
rule is used: 


Rule.—To reduce a common fraction to a decimal, place a 
decimal point after the numerator, annex ciphers to the right 
of the point, and divide by the denominator. Point off as many 
decimal places in the quotient as there are ciphers annexed to 
the numerator. 


Examp.e 1—Find the decimal that is equivalent to the fraction %. 


{ + 
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So.ution.—Using short division the solution is as shown. As two 
ciphers were annexed to the numerator, it follows from the rule that 
two decimal places must be pointed off in the quotient. 


4) 300 
75 
or #=.75 Ans. 
EXxaMPLe 2.—What decimal is equivalent to $? 
SoLuTIon.— 8) 7.000(.875 
64 
60 
56 or $=.875 Ans. 
40 
40 
0 


ExampLe 3—What decimal is equivalent to 74? 


SoLtution.—Performing the division as shown, it is found that there 
is a remainder and that the division may be carried on indefinitely. It 
is also seen that the quotient is a repeating decimal. Complying with 
the rules given in Art. 22, the answer may be written in either of the 
following forms: .3636+, or .364. 


11) 40000(.3636 
S36) 


or #:=.3636 Ans. 


26. Table of Decimal Equivalents.—The decimal 
equivalents given in Table I should be calculated by applying 
the rule in Art. 25. In each case the numerator should con- 
tain a number of ciphers sufficient to allow the division to be 
completed without a remainder, since none of the decimals are 
repeating decimals. The table is convenient for reference, but 
it is well to memorize tke first portion marked “8ths.” 
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TABLE I 
DECIMAL EQUIVALENTS 
$22 12572.12 | #s=.03125 
4325 #7 =.09375 
$=375 Fy =.15625 
8ths{ 2=.5 $5 =.21875 
$=.625 $y =.28125 
4=75 $9 =.34375 
$=2875 43 = 40625 
45 = 46875 
Ps=.0625 32d) 41 = 53125 
35 =.1875 32 =.59375 
35.3125 24 = 65625 
15 =.4375 23 — 71875 
f OEMS a= 5605 25 — 79125 
16 =.6875 23 = 84375 
3=.8125 23. = 90625 
| t6=.9375 33 =.96875 
EXAMPLES FOR PRACTICE 
Reduce the following common fractions to decimals: 
Ore See: 

ark (b) .778— 
(c) Ans.¢ (c) .533-+ 

(d) 23 (d) .575 
(e) 42 (e) .731— 


REDUCING DECIMALS TO FRACTIONS 


27. Rules for Reduction.—To reduce a decimal to a 
common fraction of the same value, the following rule is used: 


Rule.—To reduce a decimal to a common fraction, place 
under the figures of the decimal the figure 1 with as many 
ciphers at its right as there are decimal places in the decimal, 
and reduce the resulting fraction to its lowest terms by dividing 
both numerator and denominator by the same number. 


ExamMpte 1.—Reduce .125 to a fraction, 


SotuTion— .125=725;=~8=gy=}. Ane 


ee" 
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EXAMPLE 2.—Reduce .875 to a fraction. 


at 


S = See Ce 
SoLuTION. 875:= 875 =13=25 Ans. 


28. In practice it often happens that a decimal must be 
reduced to a specified fractional part of a unit, as, for instance, 
to sixteenths or thirty-seconds of an inch. When, as in this 
case, the denominator of the fraction is given, the following 
rule is applied: 


Rule.—To reduce a decimal to a fraction with a given 
denominator, multiply the decimal by the given denominator 
and beneath the product place that denominator. 


It will be noted that the method outlined in the preceding 
rule is equivalent to that of dividing a unit into any number 
of parts desired, and of these parts taking a number of parts 
equivalent to the decimal fraction. For instance, if it is 
required to find the equivalent of .75 inch in sixteenths of an 
inch, the unit is divided into sixteenths, as +6; +$X.75 


= — ee =1%. Thus, .75 inch is equal to 44 inch. 


Examp_e 1.—If a steel plate plate is .5827 inch thick, what is its equiv- 
alent thickness in 64ths of an inch? 


Sotution.—According to the example, the decimal .5827 is to be 
reduced to a fraction having 64 as its denominator. Applying the rule, 


64 _ .5827X 64 _ 37.2928 
64 64 


As the numerator in the Ae fraction is a mixed number, it must 
be replaced by the nearest equivalent whole number. 37.2928 is nearer 
to 37 than to 38 because the difference between 37.2928 and 37, or .2928, 
is smaller than the difference between 38 and 37.2928, which is .7072. 
So 37 is chosen and the decimal is omitted. It follows that .5827 inch 
=f inch, nearly. Ans, 


Examp_e 2.—Change .3917 to 12ths. 


Sotution.—According to the requirements the decimal .3917 is to be 
changed to an equivalent proper fraction having 12 as a denominator. 
Applying the rule, 


5827 X64 


ie 12 ais 


The number 4.7004 being nearer 5 than 4, the number 5 is chosen as 
the nearest equivalent. That is, .3917=8s:, nearly.. Ans. 
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EXAMPLES FOR PRACTICE 


1. Reduce the following to common fractions: 


a) 25. (a) 4 
(b) .625 (b) § 
()m125: Ans.) (c) 38; 
(d)  .04. | as 
(e) .06. (2) Po 
2. Express: 
(a) .625 in 8ths. (a) $ 
(6) .3125 in 16ths. (0) 335 
(c) .15625 in 32ds. io (Gye 
(d) .77 in 64ths. (d) #2 
(¢) .81 in 48ths. (e) 32 
(f) .923 in 96ths. Coe ase 


DECIMAL CURRENCY 


29. Examples of Calculations.—In the United States 
and some other countries the dollar is the unit in which money 
values are expressed. The dollar is 100 cents; that is, 1 cent 
is one-hundredth of a dollar. Represented as a decimal 1 cent 
=.01 dollar, and 25 cents=.25 dollar. The sign $ is the dollar 
mark, and is usually placed in front of a number representing 
dollars or cents, when the latter number is given as a decimal 
part of a dollar. For example, $12 is read twelve dollars, and 
$.25, or $0.25, is read twenty-five cents. The expression $12.25 
is read twelve dollars and twenty-five cents. The decimal point 
is used to separate the dollars from the cents. All to the left 
of the decimal point represents dollars, and the two figures to 
the right of the decimal point represent cents, the cents being 
hundredths of a dollar. 

Calculations in which dollars and cents are used are made in 
the same way, and according to the same rules, as calculations 
using decimals, because an expression like $1.15 is a decimal, 
and represents 17% dollars. The following examples, with 
their solutions, will serve to illustrate the methods of using 
dollars and cents in calculations: 


$9" 
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Examp te 1—A workman’s wages are $2.85 a day. How much does 
he earn in 26 days? 


Sotution.—In 26 days he will earn 26 times as much as in 1 day, or 
26 X$2.85=$74.10. Ans. 

ExamMpte 2.—The total cost of making 95 pieces of work was $235.60. 
What was the cost per piece? 

Sotution.—The cost per piece is equal to the total cost divided by 
the number of pieces, or $235.60+95=$2.48. Ans. 

Examp.e 3.—If a man receives $36.94 on pay day and immediately 
pays bills amounting to $19.67, how much has he left? 

SoL.ution.—He will have left the difference between what he received 
and what he paid out, or $36.94—$19.67=$17.27. Ans. 


Exampete 4.—A certain piece of work requires four men to complete 
it. If these men are paid $12.80, $21.16, $13.54, and $6.15, what is the 
cost of the labor? 


So_tution.—The labor cost must be the sum of the four amounts, or 
$12.80+$21.16+$13.54+$6.15=$53.65. Ans. 


EXAMPLES FOR PRACTICE 


1. A workman is paid $27.60 for 6 days’ work. How much does he 
earn per day? Ans. $4.60 


2. Ifa certain article costs $.45, what will 48 of these cost? 
Ans. $21.60 


3. Three different grades of pig iron were purchased at $14.25, 
$19.65, and $17.40 a ton. What was the average cost per ton? 


Ans. $17.10 
4. A man works 112 hours at $.46 an hour, and draws $28.75 on 
his pay. How much is still due him? Ans. $22.77 


5. How much remains when 67 cents is taken from $10.36? 
Ans. $9.69 


6. Ifa man receives $3.20 per day of 8 hours, how much does he 
receive after working 164 hours? Ans. $6.60 


7. If a certain product costs 83 cents per pound, what will be the 
cost of 350 pounds? © Ans. $30.62 


8. An ice-making plant has an output of 50 tons daily. If the ice 
costs $3.60 per ton, what is the value of the output for 320 days? 


Ans. $57,600 
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9. If lath costs $.55 per bundle, what must be paid for 45 bundles? 


Ans. $24.75 
10. Tf a carpenter earns $350 in 12.5 weeks, what are his average 
wages per week? - Z Ans. $28 


PER CENT. AND PERCENTAGE 


DEFINITIONS 


30. Explanation of Term Per Cent.—The term per 
cent. is frequently used in connection with calculations of 
various kinds, as, for example, in expressing the composition of 
metals and other substances, profits on investments, etc. The 
term is an abbreviation of the Latin words per centum, and it 
means by the hundred, or in the hundred. The meaning of the 
term may be seen more clearly from the following explanations 
and examples. 

If a man has $100 and spends $50 of it, then he has spent 
35% or 50 per cent. of his money. If he spends $20 more, then 


100 
he has-spent £942° = 29 or 70 per cent. of the money. Sup- 


100 
posing that he spends $10 more, he has spent 80 per cent. and 
$20 is left, which amounts to 74%, or 20 per cent., of the 
money he had. 

Again, if it is stated that the population of Scranton, Pa., 
increased 6 per cent. in the period from 1910 to 1920, it is 
equivalent to saying that the increase was 6 in every hundred ; 
that is, for every 100 in 1910, there were 6 more, or 106, in 


1920. 


31. As another example let it be supposed that the com- 
position of a certain specimen of solder is such that a bar of 
solder, weighing 10 Lape contains 6 pounds of lead. Then 
the yeient of the lead is 4% of the weight of the bar. But, 
15 =10's and 38% is 60 per yon of the bar. That is, the bar 
contains 60 per cent. of lead. 

Exampte 1.—Find the weight of tin in 150 pounds of solder, if 
there is 40 per cent. of tin, by weight, in the solder. 

Sotution.—The weight of tin is 40 per cent., or 40 hundredths, of 
the whole weight of solder. Therefore, the eit of the tin is=4%% 
of 150 pounds, or 34,°,X150 pounds=49X%45°=60 pounds. Ans, 

ILT 300—8 ore 
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ExAMPLE 2.—A tank contains 75 gallons of a sulphuric-acid solu- 
tion. If there is 47 per cent. of sulphuric acid in the solution, how 
many gallons of acid were used? 

Sorution— 47 per cent. of 75 gallons is 75X7,=75X 47=35.25 
gallons of sulphuric acid. Ans. 


32. Sign of Per Cent.—The sign of per cent. is %; 
thus, 2% means 2 per cent. and is read two per cent. The 
figure before the sign % indicates how many per cent. is meant, 
or the number of hundredths. Thus, 6% is read 6 per cent., 
and means 6 hundredths; 125% is read twelve and a half per 
cent., and means 12$ hundredths. 

1% of a number means y$> of that number ; 5% of a number 
is r80 Of the number; and soon. Thus, 1% of 200 is 2, because 
tbo of 200 is 435 X200=2. If a man is receiving 60 cents an 
hour for his work and he gets an increase of 10% in his wages, 
his increase amounts to 10% of 60, or 74%><60=6 cents; then, 
his new rate of pay is 60+6=66 cents an reve 


33. Omission of Per Cent. Sign.—The per cent. sign, 
%, may be dropped and the number of per cent. expressed in 
several other ways. For example, 12% may be written 12 per 
cent. Or, the per cent. may be changed to a common fraction, 


TZIARAZS 8125 
thus, 6% =1é0; 25% =%s: 123% = To9= T00 = 1000: 51.6% 


= = In all of these examples the per cent. sign is 
omitted. 


34. Per Cent. 
cent. is to be changed to a decimal instead of to a common 
fraction, the % sign is dropped and the number of decimal 
places is increased by two by moving the decimal point two 
places to the left. For example, suppose that 25% is to be 
changed to a decimal having the same value. Mentally, this 
number may be supposed to be written 25.0%. The sign % is 
dropped and thé number of decimal places in the number is 
increased by two by moving the decimal point two places to the 
left, giving .250, or .25; that is, 25%=.25. That the method 
just given is correct may be proved by means of Art. 33. 
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According to the latter, 25% =255; but, 7%%;=.25. Therefore, 
25% == .25. 

Suppose that 2.5% is to be, changed to a decimal. There is 
already one decimal placé in the number, and the two more 
that must be prefixed when the sign % is dropped make a total 
of three decimal places; then, 2.5% =.025, a cipher being used 
to give the necessary number of places. Again, .25% =.0025. 
The number of decimal places to be pointed off in this case is 
2+2=4, and so two ciphers must be prefixed. 


35. When a per cent. is used in a calculation, it is always 
changed to a fraction or to a decimal. It is necessary, there- 
fore, that the preceding rules, explaining the method of chang- 
ing per cent. to a fraction and to a decimal, should be 


TABLE II 
PER CENTS. EXPRESSED AS DECIMALS AND FRACTIONS 


Per Cent.) Decimal} Fraction Per Cent. |. Decimal Fraction 


1 150 ue 
1% .O1 T00 25000 I 550 too OF 14 
0 
2% 02 | Too Or sy 500% | 5.00 Yoo or 5 
A es 1 4 
5% 05 a oe? 4% 0025 | 100 or Foo 
10% -10 100 OF To 5% -005 F09 Or 200 
ei jis 2 1 n 3 
25% eri gne or 13 O15 500 or Fn 
ee 1 at , ele 
50% .50 ioe or : 837% .083 109 or us 
—_h 2 ae 2 
eee aio tren a 123% | 125 | tog OF ® 
100% | 1.00 || too OF I 163% 16% ipo Or : 
oes y 62} =i 
125%. | 1.25 | 100 OF Ia 625% 625 pales 


thoroughly understood. Table II shows various per cents. 
expressed as decimals and as common fractions. 


36. Percentage.—By the term percentage is meant the 
product obtained by multiplying a number by a per cent., 
expressed as a decimal. For instance, if it is desired to find a 
number that is 5% of 45, the per cent. is expressed as a decimal, 
becoming .05. The product 45X.05=2.25 is the percentage. 

Note that per cent. and percentage do not mean the same thing. 


.e" 
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CALCULATIONS INVOLVING PER CENT. AND PERCENTAGE 


37. Finding Percentage, When Number and Per 
Cent. Are Known.—Calculations of percentage are often 
required in cases where the number is known and also the per 
cent. These calculations are performed according to the fol- 
lowing rule: 

Rule.—To find the percentage of a number, multiply the 
number by the per cent. expressed as a decimal. 


EXAMPLE 1.—What percentage is obtained by taking 36% of 125? 

Sotution.—According to the rule, 36% is first changed to a decimal, 
thus becoming .36. Then, 125X.36=45. Therefore, 36% of 125 gives a 
percentage of 45. Ans. 

Examp.Le 2.—From a stock of 300 machines, 76% was sold. What 
was the percentage sold? 


Sotution.—The number sold was 76% of 300. Expressed as a 
decimal, 76%=.76. Then, 300X.76=228. The percentage sold was 228 
machines. Ans. 


Examp_e 3,—A brass casting weighs 348 pounds. The brass is made 
up of 65% of copper and 35% of zinc. (a) What is the percentage of 
copper in the casting? (b) What is the percentage of zinc in the cast- 
ing, both percentages being expressed in pounds? 


Sotution,—(a) The weight of copper is 65% of the whole, or 65% 
of 348. Expressed as a decimal, 65%=.65. The percentage of copper 
is, then, 

348X .65=226.2 1b. Ans. 
(b) The percentage of zinc is 
348 X.35=121.8lb. Ans. 

Another way of finding the percentage of zinc is to subtract the 
percentage of copper from the weight of the casting, or 348—226.2 
=121.8 pounds, as before. 


38. Finding Per Cent., When Number and Per- 
centage Are Known.—When several numbers are combined 
into one whole, it is frequently required to find what per cent. 
each number is of the whole number. These numbers rep- 
resent, in reality, percentages and the question is to ascertain 
what per cent. of the whole is represented by each percentage. 
For example, if a certain weight of copper and a certain weight 
of tin are melted together to form bronze, it may be necessary 


—— | 
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to know the per cent. of copper and the per cent. of tin. The 
constituent parts of copper and tin represent percentages, and 
the problem amounts, in reality, to this: Given the weight of 
the casting and the percéntages of copper and of tin to find 
what per cent. of copper and of tin there are in the casting. 
The following rule applies to problems of this class: 


Rule.—To find what per cent. of the whole is represented 
by a given percentage, divide the percentage by the whole, and 
multiply the result by 100. 


Exampce 1.—What per cent. is employed to obtain 16 as a percentage 
of 64? 


So_ution—In this example, 64 is the whole and 16 the percentage. 
Then, applying the rule, 16+64=.25. Finally, .25x100=25. Therefore, 
the percentage 16 is 25% of 64. Ans. 


ExampLte 2—In a bronze casting weighing 98 pounds there is a 
percentage of copper equal to 83.3 pounds. What per cent. of copper is 
there in the casting? 


Sotution.—Applying the rule, 83.3+98=.85, and .85X100=85%. 
Ans. 


Exampte 3.—From a stock of 300 motors a percentage of 228 was 
sold. What per cent. was sold? 

SoLution.—lollowing the rule, 228+300=.76, and .76X100=76; 
that is, 76% was sold. Ans. 


Examp e 4.—A certain alloy contains percentages of copper, tin, and 
zine, equal to 144 pounds, 27 pounds, and 9 pounds, respectively. Find 
(a) the per cent. of copper, (b) the per cent. of tin, and (c) the per 
cent. of zinc in the alloy. 


Note.—An alloy is a solidified combination of two or more metals, mixed 
while in a molten condition. 


Sotution—The total weight of the alloy is equal to the sum of the 
percentages, or 144+27+9=180 pounds. 

(a) The percentage of copper being 144 pounds, by the rule, 144-180 
=8, and .8X100=80%; that is, there is 80% of copper in the alloy. 
Ans. 

(b) The percentage of tin being 27 pounds, 27+180=.15, and .15X 
100=15%; that is, there is 15% of tin in the alloy. Ans. 

(c) The percentage of zinc is 9 pounds. Hence, by the rule, 
9+180=.05, and .05X100=5%; that is, there is 5% of zinc in the alloy. 
Ans. 


39. Finding Number, When Percentage and Per 


Cent. Are Known.—Sometimes a number is given which is 
G4 
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known to represent a certain percentage of another number, 
not known. It is desired to find the latter, the per cent. 
employed being known. The number is found according to 
the following rule: 


Rule.—To find a number of which the percentage and the 
per cent. are known, divide the percentage by the per cent. 
expressed as a decimal. 


Examp_e 1.—At 68 per cent. the percentage of a certain number is 
101. What is the number? 


Sotution.—According to the rule, 68% is first changed to a decimal, 
thus becoming .68. Then, 101+.68=148-%. Therefore, the number, of 
which the percentage is 101 at 68%, is 1483%;. Ans. 


Examp_Le 2—If the percentage of a certain number is 784 at 834%, 
what is the number? 


Sotution.—The per cent. is first expressed as a decimal. For this 
purpose it is convenient to reduce 834% to an improper fraction; thus, 


25 
1 ° . 
834% = $2s= ro0= 3 XTog= 500° According to the rule, 784 is to be 


divided by 3§@, or 784+3$$=784X3$9 040.8. The required number 
is, therefore, 940.8. Ans. 


40. Sum of Percentages Equal to Whole Number. 
It should be noted that when the composition of a body is given 
in per cents. of its parts, the sum of the per cents. is equal to 
100. For instance, in example 3, Art. 37, there is 65% of 
copper and 35% of zinc, or a total of 65+35=100%. Also, it 
is important to note that the swm of the numbers that repre- 
sent the percentages of a thing or quantity must be equal to 
the number that represents the whole thing or quantity under 
consideration. For instance, in example 3, Art. 37, there are 
percentages of copper and zinc weighing 226.2 and 121.8 
pounds, respectively. The sum of these percentages, or 226.2 
+121.8= 348 pounds, is equal to the weight of the brass casting. 
Also, if a certain percentage of a thing or quantity is taken 
away, the remaining percentage or percentages must be equal 
to the difference between the whole quantity and the per- 
centage removed. Thus, supposing a water tank holding 
8,000 gallons has lost 12% by leakage; the amount remaining 
is 100—12=88%. This can easily be proved. If 12% leaks 
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away, the percentage lost is, according to Art. 37, 8,000.12 
=960 gallons, and the percentage left in the tank is 8,000—960 
=7,040 gallons. Applying the rule in Art. 38, 7,040+8,000 
=.88, or 88%. In other words, the water remaining is 88% 
of the original amount, which is exactly the same result as was 
obtained by subtracting 12% from 100%. 


EXAMPLES FOR PRACTICE 
1.. What per cent. of 


(a) 360is 90? f(a) 25% 
Geiies AWAsies/Aals Ans.{ (b) 20% 
(c) 47 is 94? | (c) 200% 


2. In a manufacturing plant an average of 3,640 pounds of coal 
per day was consumed. Alterations were made that resulted in a saving 
of 250 pounds per day. What was the per cent. of coal saved? 

Ans, 6.9%, nearly 


3. If the speed of an engine running at 128 revolutions per minute 
should be increased 64%, how many revolutions would it then make? 
Ans. 136 revolutions 


Norre.—Calculate the number of revolutions corresponding to 64% and add these 
to the present number. 


4. Mr. A borrows $1,100 from his neighbor, Mr. B. This sum is 
184% of the total amount that Mr. B has on interest in the bank. How 
much money has Mr. B? Ans. $5,945.95 


Note.—The $1,100 borrowed is a percentage and the total amount is found by 
the rule, Art. 39. 


5. If an electric generator is rated at 250 kilowatts and is guaranteed 
to be capable of developing 25% overload, (a) what is this overload? 
(b) What is the total output of the generator while developing this 
overload? A (a) 62.5 kilowatts 

ns-| 6) 312.5 kilowatts 

Notz.—A kilowatt, abbreviated K. W., is a unit of electric power. 

6. A railway system has 540 cars in operation, out of which 45 must 
be replaced by new ones. (a) What per cent. of cars must be replaced? 
(b) What per cent. of them are still serviceable? ree f (a) 847% 

"| (b) 914% 


7. A tank containing 10,000 gallons of water loses in a given time 
160 gallons by leakage. (a) What per cent. is lost by leakage? 
(b) What per cent. remains in the tank? A (a) 1.6% 

: 10) 98.4% 


8. One cubic yard of a certain concrete mixture requires 4 bags of 
cement, each bag containing 100 pounds. A certain quantity of lime is 


<7 


32 DECIMALS §3 


to be added to this mixture, amounting to 3 per cent. of the weight of 
cement used. How many pounds of lime will be required for each 
cubic yard of concrete made? Ans. 12 Ib. 


9, The gas bill for last month was 25% higher than the bill for this 
month, which amounts to $6.40. What was the amount of last month’s 
bill? Ans. $8.00 

Note.—25% of $6.40 is to be added to $6.40. 


ACCURACY OF CALCULATIONS 


REQUIRED NUMBER OF SIGNIFICANT FIGURES 


41. Accuracy of Measurements.—Results may be 
obtained by arithmetical operations that are absolutely correct. 
But, absolute accuracy in the practical application of the 
results is in many cases an impossibility. Measurements are 
liable to error, however carefully made, owing to imperfec- 
tions of the measuring instruments, erroneous methods of 
applying them, and unavoidable errors in reading their indica- 
tions. For example, the measurement of a distance between 
two given points would appear to be a simple operation, but 
on attempting to set off a distance of, say, 35.12 inches, thus 
measuring the length to the hundredth part of an inch, one 
will appreciate the attending difficulties. The distance, as 
first set off, may appear as absolutely correct, but let the opera- 
tion be repeated, taking every precaution to avoid errors, and 
the results may differ by several hundredths of an inch. 

Results based on the average of a series of measurements 
cannot be expected to be of a greater degree of accuracy than 
that of the instruments with which such measurements were 
made. Conversely, it is a waste of time and labor to use very 
accurate and sensitive instruments to obtain results that are 
required to be only approximately correct. 


42. Significant Figures.—The preceding remarks lead 
to the consideration of the number of significant figures that 
should be retained in the readings, calculations, and results in 
order to obtain results within the accuracy of the measure- 
ments used. By significant figures are meant the figures 


ee 
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of a number between the first digit at the left and the last 
digit at the right, it being understood that a cipher is considered 
as a figure but not as a digity — 

For example, the numbers 20,467, 28.321, 45.673, and 
00010569 each have five significant figures. If it were neces- 
sary to use only four significant figures, these numbers would 
be written 20,470, 28.32, 45.67, and .0001057, respectively; 
that is, if the figure dropped is 5 or greater, the next figure to 
the left is increased by 1. If the dropped figure is less than 5, 
the next figure to the left is not changed. 

A cipher may be a significant figure. For example, the 
numbers 405.63, 300.64, and .12005 cach have five significant 
figures. When one or more ciphers are located between two 
digits, as in the preceding examples, the ciphers become signifi- 
cant figures. 


43, The part of a number containing significant figures is 
called the significant part of the number. Thus, in the 
number .00812, the significant part is 812, and in the number 
170.3, the significant part is 1703. 

In speaking of the significant figures or of the significant 
part of a number, the figures are considered in their proper 
order, from the first digit at the left to the last digit at the 
right, but no attention is paid to the decimal point. Hence, all 
numbers that differ only in the position of the decimal point 
have the same significant part. For example, .002103, 21.03, 
2,103 have the same significant figures 2, 1, 0, and 3, and the 
same significant part 2103. 


44, Number of Significant Figures Required.—The 
degree of accuracy with which calculations should be deter- 
mined, either in whole numbers or in decimals, depends on the 
accuracy of the means employed for applying the results to 
practice or for obtaining the data employed in the calculations. 
It is evidently useless to employ great accuracy in calculating 
a practical problem, when the measuring instrument, by which 
the result is to be applied to practice, is incapable of a suffi- 
ciently accurate reading. For instance, it would be absurd to 
give a dimension in thousandths of an inch, when the rule 
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employed in that particular case did not measure even thirty- 
seconds; or, to calculate air pressure to hundredths of a 
pound, when the pressure gauge cannot be read with certainty 
to tenths of a pound. 


45. Generally speaking, in most practical problems, it is 
not necessary to use more than five significant figures, and in 
most cases only three to four figures are required. For 
instance, in a length of 812.75 feet, it would not be expected 
that the measurement would be accurate to within an inch. 
Hence, in the fraction .75, which means 9 inches, the last 
figure could be dropped and the figure 7 be replaced by 8. 
The length would now be indicated by the number 812.8 feet, 
which would be sufficiently accurate. As another example, let 
it be supposed that some chemical is weighed on an ordinary 
scale and is found to weigh 8 pounds 9 ounces =8.5625 pounds. 
Under the circumstances one would not expect the reading 
to be accurate within an ounce; hence, the figure 5 could be 
dropped, and the weight be given as 8.563 pounds, which is 
sufficiently accurate. Again, in calculating the thickness of a 
steel plate as .81875 inch, this number would contain more 
decimals than could well be applied in practice, as the measur- 
ing instrument usually employed for measuring such dimensions 
cannot be read to more than 4 decimal places; thus, .81875 
could be reduced to .8188 and be accurate enough for all prac- 
tical purposes. 

Again, to take an example referring to greater magnitudes, 
the average distance of the moon from the earth is 238,000 
miles, a number with three significant figures. Considering the 
great distance and the difficulties involved in obtaining accurate 
results, the number is considered to be sufficiently accurate. 


WEIGHTS AND MEASURES 


DENOMINATE NUMBERS 


ENGLISH MEASURES 


DEFINITIONS 


1. Varieties of Measures.—A measure is a standard 
unit, established by law or custom, by means of which a quan- 
tity of any kind may be measured. For example, the inch and 
the mile are measures of length; the pint and the gallon are 
measures of capacity, as used for liquids ; the ounce and the ton 
are measures of weight; the second and the month are measures 
of time, and so on. 


2. Denominate Numbers.—When a number is used in 
connection with measures, it becomes a denominate num- 
ber, that is, a named number. Numbers are said to be of the 
same denomination when they are combined with similarly 
named units of measure, as 2 pounds and 7 pounds. A pound 
is a unit of measure ; a foot, an hour are also units of measure, 
but of different kinds. 

If a denominate number consists of units of measure of but 
one denomination, it is called a simple denominate number 
or a simple number. For example, 14 inches is a simple 
number, as it contains units of measure of but one denomina- 
tion, namely, inches. The denominate numbers 16 cents, 
10 hours, 6 gallons are all simple numbers, but they are not of 
the same kind. 

If simple numbers of different denominations but of the 
same kind of measure are combined, the combination is called 
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a compound denominate numbes, or a compound number. 
For example, 3 yards 2 feet 7 inches is a compound number, 
as it is a combination of the different denominations, yards, 
feet, and inches; these denominations are of the same kind, 
being all unit measures of length. Other examples of com- 
pound numbers are: 2 pounds 3 ounces 10 grains; 5 gallons 
3 quarts 1 pint; 10 hours 14 minutes 32 seconds. 

A unit measure that is larger than another unit measure is 
said to be of a higher denomination; if smaller than 
another unit measure, it is of a lower denomination. Thus, 
a foot is of a higher denomination than an inch and of a lower 
denomination than a yard. 


3. Systems of Measures.—In modern practice two 
systems of measures are employed: the English system and the 
metric system. The English system is in general use in the 
United States, Great Britain, and Canada. The metric 
system is used on the European continent and to some extent 
in the United States, as, for instance, in chemistry and phar- 
macy. This system is a decimal system; that is, the values of 
the different units of the same kind increase or decrease by 
tens, 10 units of each denomination making 1 unit of the next 
higher denomination. 


ABBREVIATIONS 


4. Abbreviations of Units.—In writing denominate 
numbers, it is convenient to use abbreviations instead of writing 
out the name of the unit in full. For example, the names inch 
and inches may be abbreviated to in.; thus, write 5 in. instead 
of 5 inches. Similarly, 8 ft. means 8 feet. Sometimes, the 
marks (’) and (”) are used for feet and inches, respectively, 
in particular on drawings; thus 6’ 2” means 6 feet 2 inches. 
The abbreviations common!ty used for the various units are 
given in the following tables, each table showing the relation 
between various units of measure of the same kind. These 
tables should be memorized, including the abbreviations. The 
practice of writing the tables from memory will be found 
helpful. 
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MEASURES OF EXTENSION 


LINEAR MEASURE 


5. Definitions.—Measures of extension are used to 
measure lengths of lines, areas of surfaces, and contents of 
solids. When speaking of lines it is to be understood that a 
mathematical line has no breadth or thickness and merely indi- 
cates extension in one direction; that is, length. A straight line 
is frequently defined as the shortest distance between two 
points. The lengths of lines are expressed in linear 
measures. 

TABLE OF LINEAR MEASURE 


ABBREVI- 
ATIONS 
AZatiches# (dl) eases ceteni : : = phooteH ta nase ooeek Maes ft 
OIG earthy ty Sin CLS Ie Bite etetete SU Vat eee \ cuatro, Mois ete ales yd. 
53 yards ar iod d 
l6fect fcc Lod peewee eteryanewa ee So eeh r 
os, yes MERON STH Bie SE paaee ow & = lestatute tmilertas. orm cereeertee nits mi 
OULOTEER aaa oenma eT nee Ie oe on =| nautical mile 4......... naut. mi. 
Ouiabical MM1ES ee-ceers aeesl= esc herevare = nautical league .......00. naut. 1. 


Note.—The statute mile is used for measuring distances on land, lakes, and 
rivers. The nautical mile is used for measuring distances on the ocean. 


Exampe 1—A piece of shafting is 7 feet long. What is its length 
in inches? 
Sotution.—According to the table, 1 ft.=12 in.; therefore, 7 ft. must 
be equal to 
7X12=84 in. Ans. 
ExamerLe 2—The width of a door is 48 inches. What is the width 
in feet? 
SoLution.—According to the table, 12 in=1 ft.; therefore, the num- 
ber of feet in 48 in. is 
48+12=4 ft. Ans. 
Exampie 3.—How many feet are there in 3 statute miles? 
So.tution.—According to the table, 5,280 ft.=1 mi.; therefore, 3 mi, 
must be equal to 


3X5,280=15,840 ft. Ans. 
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LAND MEASURE 


6. Surveyor’s Linear Measure.—Surveyor’s mea- 
sure, also known as land measure, is used for measuring 
land, as in locating and laying out railways, roads, and tracts 
or building plots. 


TABLE OF SURVEYOR’S LINEAR MEASURE 


ABBREVI= 
ATIONS 
REPSOL Ge Sa SE ee Eee | MeO casos eats See eee li. 
100 links # 
66 feet } PRON OOP ARN APT A. o Sl cliani we oi oy oe ote ae ee ch 
SU GHANSEL . eee erste. ee coke = statutetmilere)... Siocon mi. 


The surveyor’s chain (also called Gunter’s chain) of 100 
links, each 7.92 inches long, has been used very extensively in 
the past and is still common, but its use is decreasing. Chains 
or steel tapes 50 or 100 feet in length, graduated in feet and 
decimals of a foot and sometimes in feet and inches, are being 
employed to a large extent at the present time. 

Notre.—In Mexico, and in those parts of the United States that belonged to 
Mexico previous to 1845, the old Mexican measures of length are sometimes used, 


and referred to in early surveys. The principal units are: 


1 vara=2.75 feet=33 inches, English measure 
5,000 vara=1 league=2.604 miles, English measure 


Exampie 1.—How many inches are there in 50 links? 
Sotution.—According to the table 1 li=7.92 in.; therefore, 50 links 
must be equal to 


50X7.92=396 in. Ans. 


ExAMPLe 2.—A line set out by a surveyor is found to measure 
40 chains in length. What is the equivalent length in feet? 

Sotution.—According to the table, 1 ch.=66 ft.; therefore, 40 chains 
must be equal to 


40X66=2,640 ft. Ans. 


ExAMPpLe 3.—A boundary line between two estates is found to mea- 
sure 440 chains in length. What is the equivalent length in statute 
miles? = 

Sotution.—According to the table, 1 mi=80 ch. The prob- 
lem consists of finding how many times 80 ch. is contained in 
440 ch.; or, 

440+80=54 mi. Ans, 
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SQUARE MEASURE 


7%. Definitions.—The term area means the extent of a 
surface within its boundary lines. For example, the area of a 
floor is the extent of the visible surface limited by the four sur- 
rounding walls. As area refers to extent of surface, the unit 
of measurement must also be a surface. The unit of 
area is a square, which is a surface of the form shown in 
Fig. I. 

By the term square is meant a four-sided figure in which 
the sides are of equal length and at right angles to one another ; 
that is, any two adjoining sides meet each other squarely. A 
square inch is a square that is 1 inch long on each side. A 
square foot is a square that measures 1 foot on each side, as 


12 10=1 ft.— 


}——_——— / ft 


ioe 


Fic. 1 


in Fig. 1. This may be made to represent square inches 
by dividing each side into twelve equal parts, 1 foot being equal 
to 12 inches, and drawing lines across the square from the 
points of division on one side to those on the opposite side. 
The square will then appear as in Fig. 2, divided into a num- 
ber of small squares. As each side of the square was divided 
into twelve equal parts, each part is 7'y foot long, or 7 X12 
=1 inch long, and each little square therefore measures 1 inch 
on each side; that is, each little square is 1 square inch. Now, 
if the total number of little squares is counted, it will be found 
to be 144. In other words, there are 144 square inches in 


1 square foot. 
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8. Application of Square Measure.—A square inch, 
a square foot, etc. belong to the units of square measure, 
which is employed for measuring the extent of areas, such as 
floors, building lots, estates, etc. Square measure is also used 
to determine the surface areas of objects, such as engine cyl- 
inders, condensers, pipes, etc. Small areas are measured in 
square inches or square feet, and larger areas in square yards, 
square rods, acres, and square miles. The accompanying table 
gives the principal units of square measure. 

TABLE OF SQUARE MEASURE 


ABBREVI- 

ATIONS 

144 square inches (sq. in.)........ =lsquare foot. "s.Ase2 ees sq. ft. 
Dilcquaresieetpiss, ema sek 2 ee =lsquaréryard 2s. 6468 eee sq. yd. 
SOP square vards asenk esse ers = lisqtiateatod io 6s. een sq. rd. 
JOO Msquatehrodste.cgeia ton Aare =lacre ..... Pe Borie apc: A. 
GAN Aches ety ets eee. ae —Isquare milewianhisckance sq. mi. 


9. Finding Areas of Squares and Rectangles. 
Instead of finding the area of a square by counting the number 
of small squares contained by it, as in Art. 7, it is possible to 

find the area more easily by 


(ie OE een Sar simply multiplying the length of 


§ it the square by its width. Thus, 
. Ne: ° . 

Le ik referring to Fig. 2, there are 

(a) (b) 12 rows of the little squares and 

a 12 squares in each row or 


1212= 144 square inches, which is the same result as obtained 
by counting. When this method of multiplying the length by 
the width is employed it is important to note that the length and 
the width must be in the same units. In the case just men- 
tioned, both the length and the width were in inches, and the 
area as a result is in square inches. With the length and the 
width in feet, the area will be 1 footX1 foot=1 square foot. 

Sometimes the area to be measured is a rectangle; that is, 
a figure similar to that shown in Fig. 3 (a). It differs from a 
square in so far that not all the sides are of equal length, but 
only those sides that are opposite each other. The area of a 
rectangle is found in the same way as that of a square; hence, 
the following rule applies to both figures: 
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Rule.—To find the area of a square or a rectangle, multiply 
the length by the width, both being expressed in the same units. 


Thus, if the rectangle in’ Fig. 3 (a) is 6 inches long and 
4 inches wide, its area is 6X4=24 square inches. This can be 
proved as shown in (b), by dividing each side into inches, 
drawing lines across the figure from the points of division, and 
counting the number of squares thus formed. Each of these 
squares is 1 inch on each side, or 1 square inch in area, and 
there are 24 in all, or 24 square inches. 


10. Difference Between the Terms Square Feet 
and Feet Square.—Distinction must be made between 
expressions, such as “4 square feet” and “4 feet square,” as 
they do not mean the same thing. When a square is referred 
to as being equal to 4 square feet, reference is had to its area. 
It follows from the preceding rule that each of its sides must 
be of a length equal to 2 feet, in order that the area may be 
2X2=4 square feet. . 

The expression “4 feet square” does not refer to the area of 
the square, but to length of the sides, and means that each side 
of the square is equal to 4 feet in length. The area of the latter 
square is 4X%4=16 square feet. 


411. Application of Rule for Finding Areas of 
Squares and Rectangles.—The application of the rule in 
Art. 9 is illustrated by means of the following examples: 


ExampLe 1.—How many square inches are there in a rectangle 
28 inches long and 13 inches wide? 
So.tutron.—According to the rule, the area is 


28% 13=364 sq. in. Ans. 


ExAMPLeE 2.—A sheet of copper is 4 feet long and 3 inches wide. 
What is the area of its surface? 

So.ution.—Both dimensions must be expressed in the same units; 
reducing 4 ft. to inches, the result is 12X4=48 in. Applying the rule, 


the area is 
48X3=144 sq. in., or 1 sq. ft. Ans. 


EXAMPLE 3.—The base of an office cabinet is 64 feet long and 2% feet 
wide. What area of floor space does it cover? 


ILT 30.—) ao? 
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Sotution.—According to the rule, the area is 


25 6 125 
61x24 =— x- =-— =15 sq. ft. Ans. 


12. Surveyor’s Square Measure.—The square mea- 
sure used by surveyors differs somewhat from that given in 
Art. 8. The various units employed are included in the fol- 
lowing table: 


TABLE OF SURVEYOR’S SQUARE MEASURE Apppryt- 


ATIONS 
10,000 square links (sq. li.)......... =lisqtiare. chain. pe. see mee sq. ch. 
LOiscuranemchainse yan en scene ee == [lacré™: ..; SAL hers A. 
CAW ACESS RNAs Werte ss eile terete =lisquare:nulest $0... 3.408 See sq. mi. 
Sosquare miles) sayemapie seea ==l townshipes.os-e aacnsaeere Tp. 


Nore.—The acre contains 4,840 square yards or 43,560 square feet, and it is 
equal to the area of a square measuring 208.71 feet on each one of the sides. 


ExampLe 1.—How many square links are there in 11 square chains? 


Sotutron.—According to the table, 1 sq. ch. is equal to 10,000 sq. li.; 
therefore, 11 sq. ch. must be equal to 


11X10,000=110,000 sq. li. Ans. 
Examp te 2.—A piece of land contains 85 square chains. What is the 
equivalent value in acres? 


Sotutrion.—There are 10 sq. ch. in an acre; therefore, the number 
of acres contained in 85 sq. ch. must be 


85+10=85 A. Ans. 


Examp_Le 3.—How many acres are there in a township? 


Sotution.—As one township contains 36 sq. mi. and each square mile 
contains 640 A., it follows that the number of acres contained in one 
township must be 


= 36X640=23,040 A. Ans, 


CUBIC MEASURE 


13. Definitions.—A solid is a 
figure that has length, breadth, and 
thickness. The boundaries of a solid 

Fie. 4 are surfaces. A solid bounded by six 
squares, as Fig. 4, is a cube. If the solid is bounded by six 
rectangular surfaces it is a rectangular solid. 
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The space included between the bounding surfaces of a solid 
is called the cubical contents, capacity, or volume of 
the solid. 

The unit of volume is a cube, the edges of which are of 
a length equal to that of the corresponding unit of length. 
Thus, 1 cubie inch measures 1 inch on each edge; 1 cubic 
foot measures 1 foot on each edge, etc. 


TABLE OF CUBIC MEASURE ABBREVI- 

ATIONS 

1,728 cubic inches (cu. in.)..... =Tcubie foots ..0.k oie. .e oe. cu. ft. 
DTACUDICMC CES ago eRielaeene oes = leubic tyand Emir sercteslisres cu. yd, 
UA CUDENEGH gapoaaoen Suse eee SSNCOKIR Ben beou dae ssocttoode cs cd. 
NGsetOrZorcubic. Teel sn... secre seine ore ell PCT Cll ic Veet Meinenee etrvexctatersetn ae ee 


14. The standard cord is a measure of wood; it is a 
pile 8 feet long, 4 feet wide, and 4 feet high. In some localities 
it is customary to con- 
sider the cord as a 
pile of wood 8 feet | 
long and 4 feet high, | 
the length of the 
wood, that is, the 
width of the pile, be- 
ing left out of consid- 
eration. 

The perch, a mea- 
sure of stone and ma- 
sonry, is but rarely 
used at present. Its 
cubical contents va- 
ries, according to 
locality, from 163 to 
25 cubic feet. The dimensions will vary accordingly; if the 
contents is 24% cubic feet, the perch would be 163 feet, or 
1 rod, long, 14 feet wide, and 1 foot high. 


Fie. 5 


15. Rule for Calculating Volume.—When writing 
the three dimensions of a solid, as 3 feet wide by 2 feet deep 
by 6 feet long, the word “by” is frequently represented by the 


a 
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symbol X, and the preceding expression is written: 3 ft. 
K2 tt.X6 ft. 

The volume of any rectangular solid is the product of its 
three dimensions. For example, a box with inside dimensions 
2 ft.X4 ft.X8 ft. contains 2*4X8=64 cubic feet ; an iron bar 
10 feet (or 10X12 inches) long, and with end surfaces that are 
each 1 inch square contains 10*12*1X1=120 cubic inches. 

A cube 2 feet on each edge is a 2-foot cube, and contains — 
2X2X2=8 cubic feet, as shown in Fig. 5. A cube 12 inches, 
or 1 foot, on each edge is 1 cubic foot, or a 12-inch cube, and 
contains 12*12*12=1,728 cubic inches. A cube 3 feet, or 
1 yard, on each edge is 1 cubic yard, or a 3-foot cube, and con- 
tains 3X3X3=27 cubic feet. Tables of cubic measure can be 
calculated from tables of linear measure in this manner. 

The preceding method of calculating the volume of a rec- 
tangular solid may be stated as a rule, as follows: 


Rule.—To find the volume of a cube or a rectangular solid, 
multiply together the length, breadth, and depth, all expressed 
in the same units. 


If the dimensions are stated in inches, the volume is given in 
cubic inches; if in feet, the volume is given in cubic feet, and 
so on. 

Examp Le 1.—A sand bin is 14 feet long, 8 feet wide, and 6 feet high. 
How many cubic feet does it contain? 

Sotution.—According to the rule, it contains 


14X8X6=672 cu. ft. Ans. 


ExampLe 2.—How many cubic inches of metal are there in a block 
123 inches long, 83 inches wide, and 4 inches thick? 


SoLution.—Applying the rule, the volume is 


2D elie: 
123 x83 X4=— X— X-=425 cu. in. Ans. 
22: el 
Examp_e 3.—A box contains 86,400 cubic inches. What is the con- 


tents expressed in cubic feet? 


So.ution.—According to the table, 1 cu. ft. contains 1,728 cu. in. 


The problem is, therefore, to ascertain how many times 1,728 is con- 
tained in 86,400, or, 


86,400+-1,728=50 cu. ft. Ans. 
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16. Board Measure.—A special branch of- cubic mea- 
sure is known as board measure. In measuring sawed 
lumber, the unit of measure is the board foot, which is equal 
to the contents of a board 1 foot square and 1 inch thick. A 
board foot is, therefore, equal to one-twelfth of a cubic foot. 
Boards less than 1 inch thick are usually reckoned as though 
the thickness were 1 inch; but in buying and selling, the actual 
thickness is considered in fixing the price. 

The following rule may be used for finding the number of 
feet, board measure (B. M.), ina piece of lumber: 


Rule.—To find the number of feet, board measure, in a 
piece of lumber, multiply together the length, in feet, the 
width, in inches, and the thickness, in inches, and divide the 
product by 12, thicknesses less than r inch being considered 
as I inch, 


Examp.te 1—How many feet, B. M., are there in a board 14 feet 
long, 8 inches wide, and 1 inch thick? 


So_ution.—According to the rule the number of feet, B. M., is equal to 
14X8%X 194 ft. B. M. Ans. 

12 

Examp.te 2.—How many feet, B. M., are there in a plank 10 feet 
6 inches long, 15 inches wide, and 3 inches thick? 


So_ution.—Length=10 ft. 6 in.=10$ ft=10.5 ft. The number of 
feet, B. M., is 
10.5X15X3_ 
mie 


39.375=398 ft. B. M. 


EXAMPLE 3.—Find the number of feet, B. M., in 20 pieces of siding 
4 inch thick, 54 inches wide, and 10 feet 9 inches long. 


So.tution.—Since the thickness is less than 1 in., the boards are con- 
sidered to be 1 in. thick when finding the amount of material in them. 
Length=10;% ft.=10.75 ft., width=53 in.=5.5 in. The required length is 
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oe | 2 =98.5 ft. B. M. Ans. 


EXAMPLE 4.—How many feet, B. M., of 2-inch planking are needed 
for a barn floor 18 ft.X25 ft.? 


Sorution.—The planks are considered as 25 ft. long. Reducing the 
width to inches and considering the whole floor as one plank, its width 


Te al 
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is equal to 18X12=216 in. Proceeding as in the rule, the number 
of feet required is 
25X216X2 
12 
Examp.e 5.—A board is 9% ft.x4 in.X14 in. How many feet, B. M., 
does it contain? 
So.tutTion.—Applying the rule, 
93X4X14 
12 


=900 ft. B. M. Ans. 


=3.96 ft. B. M., nearly. Ans. 


MEASURES OF CAPACITY 


LIQUID MEASURES AND DRY MEASURES 


17. Liquid Measure.—The term capacity means 
cubical contents and is used here in connection with measures 
to indicate the relative amount of space they possess for 
measuring purposes. 

Liquid measure is used for measuring liquids. Liquids in 
small quantities are measured in pints and quarts; in larger 
quantities, the gallon is the more common unit, though quan- 
tities are sometimes stated in barrels, but rarely in hogsheads. 
The standard barrel, as used in measuring capacity, contains 
314 gallons, but the barrels ordinarily used vary greatly in size. 

One United States standard liquid gallon, known as the 
Winchester or wine gallon, contains 231 cubic inches. One 
gallon of pure water weighs 8.355, or approximately 84 pounds. 
One cubic foot contains 7.481, or approximately 7.5, gallons, 
and 1 cubic foot of water, at 62° Fahrenheit, weighs 624 
pounds, nearly. 

In some English-speaking countries the beer or ale gallon of 
282 cubic inches’ capacity is used for measuring the liquids 
mentioned. | 

The British imperial gallon, used in Canada, contains 
277.463 cubic inches, and the weight of such a gallon of pure 
water is 10 pounds.” One imperial gallon equals approximately 
1.2 United States liquid gallons. 
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TABLE OF LIQUID MEASURE 


ENGLISH SysTEM fee 
AZINE CSS eines eR any a en Mil tgen eee cclais a sicaore cee eee pt 
2. SNE a0) Cash 5 oe ee ea SUTURE ction 5 Pere eR REALS 4 qt. 
AME GU ULES ae vcstosee cia Ut tens siessiceus ofsio’e eile oall OT eemats cies, = eos cris oo ore gal. 
SAN OMS Maen cin Mea cw eie SER © Ae als =I bance ee a. me has ois os oo ye Scie bbl. 
Zac DUS HS) iaeererminiaier stews Pend tke haretatee —Ithorshead Myastecr mice orient hhd. 


18. Dry Measure.—Dry articles, such as fruit, grain, 
vegetables, etc. are measured by dry measure. The standard 
unit is the United States bushel, otherwise known as the Win- 
chester bushel, which contains 2,150.42 cubic inches; and 
% peck (dry gallon) contains 268.8 cubic inches. 

One British imperial bushel contains 2,219.704 cubic inches, 
or 1.0322 United States bushels. 

The quart used in dry measure is not the same as the quart 
used in liquid measure. The dry quart contains 67,2 cubic 
inches, and the liquid quart only 57% cubic inches. 


TABLE OF DRY MEASURE Anmepure 

ATIONS 
DAD ATIESR CDE S ict crait are sawn erates o, « ==] Ga lts pars acre cero tee eon tee qt. 
3 CUBIS oS etiede aoe oot Sood =I pedlewtna sos au soon <a eee pk. 
IPCCK St Atta eis o-5 btvs aha SER SOO ee = [busheliss puree. aera bu. 


19. The application of the preceding tables is shown in the 
following examples: 


Example 1—How many quarts are there in 2 barrels? 
Sotution.—According to the table of liquid measure there are 
4 qt. in 1 gal., and 313 gal. in 1 bbl. Therefore, in 2 bbl. there are 
2X31.5=63.0 gal. 


and 
63X4=252 qt. Ans. 


Examp.e 2.—How many hogsheads will be required for 315 gallons 
of molasses? 

SoLution.—According to the table of liquid measure, 1 hhd.=2 bbl., 
and 1 bbl.=314 gal. In 2 bbl. there are 2X314=63 gal. Therefore, 
315 gal. require 

315+63=5 hhd. Ans, 

Examp_Le 3.—A man bought 10 bushels of potatoes and intends to 

sell them by the quart. How many quarts of potatoes has he on hand? 
1 
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So.ution.—According to the table of dry measure, 1 bu.=4 pk., and 
1 pk.=8 qt. so that in 1 bu. there are 4X8=32 qt.; in 10 bu. there 


are 
10X32=320 qt. Ans. 


MEASURES OF WEIGHT 


AVOIRDUPOIS AND TROY MEASURES 


20. Standard Units of Weight.—There are two Eng- 
lish measures of weight in general use, the avoirdupois (av.) 
weight, for coarse, heavy substances, such as coal, iron, 
copper, hay, and grain, and the Troy weight, for finer and 
more valuable substances, such as gold, silver, and jewels. 
Besides there is the apothecaries’ weight, which is used by 
physicians in prescribing and by druggists in compounding 
medicines. Medicines are bought and sold by avoirdupois 
weight. 


TABLE OF AVOIRDUPOIS WEIGHT Aprrrvr= 

ATIONS 
2ESAOS STAINS: (Sle) te en eae eo ere SSNdtatn, vosccmcathee aces tee See dr. 
NOUEATNS «acute Oe = ounce’ oon. cae ae ae eee Oz. 
Gioulcess Coz) aries sf eomIot ete =I pound’ Gasca eee shee eee Ib. 
100 pounds: Bre swan ego-es a =1 hundredweight ............ cwt. 

20 hundredweight 

Bnd pounds } Seis ears Mee eles SGN sme ess oe eee ee ce aimee ae: 
TABLE OF TROY WEIGHT AppREVI- 

ATIONS 
ZA SRAIN S(O) ea Wa aii eso eae: =| Henny wee Utena saceieeeae dwt. 
BOipennyweilehtss ooaccdacc Mee a cmate =—LOUNGE ssih-ss cone core ee Oz. 
AFOUL CES aeneereoyickoe eva hee eter cia nie te il Proumdits aerosice cis oe eee Ib. 
TABLE OF APOTHECARIES’ WEIGHT petty 

ATIONS 
2 Droit sm (Outen) ech tenapaels erect aie ee =I scruples coayceeook Gane sc. 
SISCLUD LES pansy foray ctesinaeiiaei conte ==! drain cat ae eee Cera dr. 
Sian Spec reehs oer eeues cra becie ere ccs === | OUULC GT crsae fas aee eRe Simoes Oz. 
2 OUNCES earccmi ce reeks ote caistanstogs ake oeIes == POU ox carton eee eee lb. 


21. One avoirdupois pound equals approximately 
1.2153 Troy pounds, the former containing 7,000 Troy 
grains and the latter 5,760 grains. One avoirdupois ounce 
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contains 7,000+ 16=437.5 grains, and 1 Troy ounce contains 
24X20=480 grains. It is to be noted that 1 avoirdupois grain 
is equal to 1 Troy grain and to 1 apothecaries’ grain. 


4 


22. The ton containing 2,000 pounds is sometimes called 
the short ton to distinguish it from the long ton, containing 
2,240 pounds, or 20 hundredweights of 112 pounds each. The 
short ton is in general use except in the following cases: The 
long ton is used in the United States custom houses, and at the 
mines for weighing anthracite. It is also used by wholesale 
dealers in weighing steel rails and a few other iron products, 
when shipped in bulk. The denomination hundredweight is 
rarely used in practical work, especially with short-ton 
measures. 


23. Gross Weight and Net Weight.—The gross 
weight of an article means the total weight, including the 
package, crate, or containing vessel; the net weight means 
the weight of the article alone. For example, the gross weight 
of a reel of wire is the weight of the wire and reel together, 
and the net weight of the wire is the gross weight less the 
weight of the reel. 


24. Application of Tables of Weight.—The applica- 
tion of the preceding tables of weights is illustrated by the 
following examples: 


Examp te 1.—Tf a short ton of coal costs $6.00, how much is the cost 
per pound? 

So.tution.—According to the table there are 2,000 lb. in 1 T. As 
600 cents is the price of 2,000 1Ib., it follows that the price of 1 lb. is 
zdo0 of 600, or 600+2,000=.3, or 35 cent. 

If the price is expressed in terms of dollars, the operation and 


answer will be: 6.00-+2,000=.003 dollar. Ans. 


ExampLe 2.—If a bag of sugar weighs 800 ounces, what is its weight 
in pounds? 

Sotution.—According to the table, 1 1b.=16 oz.; therefore, dividing 
800 by 16 will give the equivalent number of pounds; thus, 


800+16=50 Ib. Ans. 


Examp_e 3.—How many grains are there in 1 pound of gold? 
hand 
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Sotution.—According to the table 1 lb. Troy=12 0z., and 1 oz. is 
equal to 20 dwt. of 24 gr.; hence, 1 lb. is equal to 
12X20X24=5,760 gr. Ans. 


MEASURES OF TIME 


UNITS AND STANDARD TIME 


25. Units of Time.—The principal unit of time is the 
second. A minute contains 60 seconds, and a day contains 
24 hours, or 86,400 seconds. The time required for the earth 
to make one complete revolution around the sun is called 
1 solar year, and is exactly 365 days 5 hours 48 minutes 
49.7 seconds. 


TABLE OF MEASURES OF TIME Aceapeees 
; ATIONS 

6Oisecondsm(secs) sees eee cee ate = minutie™ 2a) ea. wee min. 

GOmMiNUTES yas Wale. ch Mirae Seles == HOUT thadtae. sts Qo Ieee hr. 

2A Ours. aiste Poses tt eisteee. esl ha Ea A SR EE ers da. 

TRCN Sige Ve eotne ieee Across error WEL. g cctay.cha fala sa arene ee wk. 

365 days 1 as 

Ae ee a = COMMON VedTswe. cok teks ere yr. 
SCOGEWS, sas macnn eos om nee e coe se aae =lleap year 

LOO ycanse soccer nee cette select afore = ceritury en ee ee ‘eS 


26. As the solar year contains more than 365 days, the 
fractional part is omitted in the common year, the latter 
containing 365 days. To compensate for this omission the 
fractional parts of several years are added periodically to one 
year, which is then known as a leap year. It contains 366 
days, the extra day being added to the month of February. 

When the number expressing a year is divisible by 4 and is 
not divisible by 100, that year is a leap year. A centennial year 
is a leap year, if the number expressing the year is divisible by 
400. Thus, 1912, 1916, and 1920 are leap years, because each 
is exactly divisible by 4 and is not divisible by 100. The 
centennial year 1900 was not a leap year, because the number 
1900 is not divisible by 400. The year 2000 will be a leap year, 
because the number is divisible by 400. 
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27. Standard Time.—Five standard time divisions 
are in use in the United States, Canada, and Mexico, and each 
division is bounded by lines running north and south. These 
divisions named from east to west are Atlantic, Colonial, or 
Intercolomal; Eastern; Central; Mountain; and Pacific. The 
United States lies almost wholly in the four divisions last 
named. 

Time of day is usually stated as a. M., meaning ante 
meridiem, or before noon, and Pp. M., meaning post meridiem, 
or after noon, followed by the name of the division when this 
might otherwise be uncertain. Thus, the time of day may be 
stated as 10:45 a. m., Central time, or 11:45 a. m., Eastern 
time. The difference in time in adjacent divisions is exactly 
1 hour, and is earlier in each westward division. Thus, when 
it is noon in Washington, D. C., the time is 11 a. m. in Chicago, 
10 a. M. in Denver, and 9 a. Mm. in San Francisco. 


28. Months and Number of Days.—The numbers and 
names of the months and the number of days in each are as 
follows: 


No. NAME ee No. NAME Ps ees 

oF Days or Days 
ieee aniiaty. (janis) Manteo eee 31 7eeig il Vgmetinde Site ee econ 31 
Z. February (Feb.) ..:.. 28 or 29 Ss PANU G (ONCE Ch ao cao use 31 
oy Whi i GUT asec san aoe 31 9. September (Sept.) ....... 30 
APP AD Tal CADE ny) ops win 1 choy fe bale SU One Octobere (Oct: meses 31 
i, MMERROBE es meomne cue oem eee Jile lel Novembenn(NGyv;) eee een- 30 
(O,, — [Sia See chin Remon Bee Grice SORPi2Z= “December (Dec) ae easne ae 31 


For many business purposes, 30 days is considered to be 1 month. 


MEASURES OF CURRENCY 


AMERICAN AND ENGLISH 


29. Units of Money.—The term currency refers to 
money, such as coins, bank notes, ete. The United States mea- 
sure of money being based on the decimal system, it is pos- 
sible to write fractions of dollars as decimals. The number 
of dollars is written as a whole number followed by a decimal 


Nata 
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fraction representing the number of cents. Thus, the expres- 
sion 7 dollars and 25 cents is written $7.25. Sometimes, the 
decimal contains a third place representing mills; but the mill 
is nota coin. It is simply used as a convenient means for rep- 
resenting a tenth part of a cent. For instance, the expression 
$.065 is read 6 cents and 5 mills. 

Numbers representing pounds, English money, are preceded 
by the sign £ and followed by numbers representing other 
denominations each with its abbreviation; thus, £4 12s. 6d. is 
read 4 pounds 12 shillings 6 pence, the word pence being plural 
of penny. 

£ 1=$4.8663 A crown=5s. 
A guinea=21s. A florin =2s. 

The following tables give measures of currency as used in 
the United States and Great Britain. In Canada the units of 
money are the same as in the United States. 


TABLE OF UNITED STATES MONEY Auer 

ATIONS 
UOamiligu(Gme) acrecrevetecuies creereie sero = IRCEMES «c-c.nntne are ee eee COL 
NO Celatisnes seach cin eent acces carat = [SGIIME" a. cpm eee ae = sxicle eee d. 
Ian nest 5 es eRe oe QRS N AS =—idollad ' Seis. akc bee ee ee $ 
NOAM ates! 0 wie os wisiere avatatvie tere woorievere Ss lwedoletee leis a, olen cis a eee Hs 
TABLE OF ENGLISH MONEY Reet 

ATIONS 
Asfarthinges (kate) wee eters Al Shently? .ccme ce ee eee d. 
T2ipence Aig. Sete et ae + tees shilling: scat 3a ae eae ene s. 
20 shillinas, to eerat earns eae =1 pound, or sovereign........... £ 


MEASURES OF ARCS AND ANGLES 


CIRCULAR AND ANGULAR MEASURES 


30. Definitions.—The measure of arcs and angles is 
called circular, or angular, measure, and is applied to the 
measurement of arcs, angles, and circles. A circle is a plane 
figure bounded by a curved line every point of which is equally 
distant from a point within called the center. ‘The line that 
bounds a circle is called its circumference. Any straight 
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line drawn from the center to the circumference, as ca, cb, or 
cd, Fig. 6, is called a radius; if a radius is extended to meet 
the circumference also on the opposite side of the center, as 
bce, it is called a diameter. Any portion of the circum- 
ference of a circle, as 0d, is called a circular arc, or simply 
an are. 

The whole circumference of any circle is supposed to be 
divided into 360 equal parts, and each of these equal parts is 
called a degree. Since 1 degree is x45 of any circumference, 
it follows that the length of an arc of 1 degree will be differ- 
ent in circles of different diameters, but the length of the cir- 
cumference of any circle will always 
be 360 times as large as the length of 
the-arc,of.1.degree, -Or; the tare of 
1 degree is always x¢o of the circum- 
ference, whatever the size of the circle. 


31. An angle is the opening be- 
tween two straight lines that meet at 
a point. Thus, in Fig. 6, the lines 
be and dc form an angle at the 
point c. These lines are the sides of the angie and the point c 
at which they meet is called the vertex of the angle. 

If any circle is drawn with its center at the vertex of an 
angle, that portion of the circumference included between the 
sides of the angle is known as the intercepted arc. Such an angle 
is measured by its intercepted arc. [or example, if the arc ad 
contains 120 degrees, the angle acd is an angle of 120 degrees. 
For the same reason the angle ac b is equal to 90 degrees if 
the arc ab contains 90 degrees. 

If a circumference is divided into four equal parts, each of 
the parts is called a quadrant. The arc ab is a quadrant and 
it contains 90 degrees. 

A degree and,its subdivisions, minutes and seconds, are indi- 
cated by the signs (°), (’), (), both for angles and arcs; thus, 
32° 15’ 10” is read thirty-two degrees fifteen minutes ten 
seconds, 


ETG.6 
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TABLE OF ANGULAR MEASURE ABBREVI- 

ATIONS 
60isecondsi( 2)! Sear ete eae =f Minute een. st ee eee ee eee t 
GUsmINUtes -s.-Ae ee ets ase ee =| deotea teas coer ae eee g 
O0idegrees’ vse, fhypaaiiiaets le cles =1 right angle or quadrant, Lorrt. Z 
BOUIdes reese yer. cue stm ok teats =] circle... nostese ae dee eee cit, 


MEASURES OF TEMPERATURE 


FAHRENHEIT AND CENTIGRADE SCALES 


32. Thermometer.—The temperature of a body is 
the measure of its degree of sensible heat ; hot bodies are said 
to have high temperatures and cold bodies Jow temperatures. 
Temperature is usually measured by means of an instrument 
called a thermometer. It consists of a glass tube closed at 
the upper end and having at the lower end a bulb filled with 
mercury. When the thermometer is placed in contact with a 
hot body, the heat causes the mercury to expand, or take up 
more space, and so it rises in the hollow tube. If the body is 
cold, the mercury contracts, and occupies less space than before, 
and the column then descends or grows shorter. The greater 
the temperature, the higher the mercury rises in the tube; and 
the lower the temperature, the lower the mercury descends in 
the tube. 


33. Thermometer Scales.—Two thermometric scales 
are in common use; one is the Fahrenheit scale, and the other 
the centigrade scale. A thermometer with these two scales, 
one on each side of the tube, is shown in Fig. 7. The one on 
the left, with F at the top, is the Fahrenheit scale, and the one 
at the right, with C above it, is the centigrade scale. The 
Fahrenheit thermometer, named after its inventor, is the one 
most commonly used in the United States. The centigrade 
thermometer is used largely in scientific work. The difference 
between the two is that the boiling point of water is marked 212 
on the Fahrenheit scale and 100 on the centigrade; and the 
freezing point is 32 on the Fahrenheit scale and 0 on the cen- 
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tigrade. Each small division on each scale is a degree of 
temperature. The abbreviation for Fahrenheit is Fahr. or F., 
and the abbreviation for centigrade is Cent. or C.; thus, 180° F. 
means 180 degrees on the Fahrenheit scale, and 65° C. means 
65 degrees on the centigrade scale. 


34. In graduating thermometers, that is, making the scales 
of vaiues on them, two fixed points of temperature are almost 
universally employed. These are the temperatures 
of melting ice; and of the steam of water boiling in 
an uncovered vessel. In graduating the centigrade 
scale the distance between these two points is divided 
into 100 equal graduations or degrees. The freezing 
point is called zero, or 0°, and the boiling point 100°. 
Degrees of the same value are carried above and 
below the boiling and freezing points, respectively. 
Distinction is made between the degrees above zero 
and those below by placing a minus sign before the 
latter ; thus, 10° below zero is marked —10° and is 
read minus ten degrees. 


35. In graduating the Fahrenheit scale, the 
distance between the freezing and the boiling point 
is divided into 180 equal parts, and degrees of the 
same size are carried above and below the boiling 
and freezing points. Fahrenheit, who proposed this 
scale, assumed that the greatest cold obtainable was 
32° below the freezing point, and accordingly took 
that point as the zero and reckoned from it up- 
wards. The freezing point thus became 32° F. 
and the boiling point 32°+180°=212°. Degrees 
below the Fahrenheit zero are provided with a 
minus sign, as are similarly placed degrees on the 
centigrade scale. On many Fahrenheit thermom- 
eters, the space between the freezing point and 
boiling point is divided into 90 equal parts, so that the division 
marks will not be so close together. In such a case, each 
division corresponds to 2 degrees, but each main division is 
numbered as in Fig. 7. 


Fic. 7 
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36. Conversion of Thermometer Readings.—From 
the fact that 180° F.=100° C., it follows that 9° F.=5° C. and 
1° F.=8° C., or 1° C.=2° F. These relative values form the 
basis of the following rules by which Fahrenheit temperatures 
may be changed into their corresponding centigrade values, or 
vice versa: 


Rule I.—To find the Fahrenheit temperature, multiply the 
centigrade temperature by $ and add 32 to the product. 


Rule II.—To find the centigrade temperature, subtract 32 
from the Fahrenheit temperature and multiply the remainder 
by %. 

Exampite 1—What is the equivalent of 85° C. on the Fahrenheit 
scale? 

Sotution.—A pplying rule I, the temperature is 

(85X2) +32=185° I’. Ans. 

Examp te 2.—If a temperature is 68° F., what is the equivalent on the 
centigrade scale? 

Sotution.—According to rule II, 32 is subtracted from 68 giving the 
remainder 36; then, 

36X$=20° C. Ans. 

37. Converting Variations of Temperature.—Dis- 
tinction must be made between a stationary temperature and a 
variation of temperature when converting from one scale into 
the other. For example, suppose that the temperature of an 
electric generator rises 40° C.; since, according to Art. 36, 
1° C.=§° F., it follows that 40° C.=2X40=72° F., the equiv- 
alent change in Fahrenheit degrees. Again, suppose that the 
temperature of a room decreases from 180° F. to 99° F., or 
81° F.; since 1° F.=§° C., 81° F.=§X81=45° C.,, the equiv- 
alent variation in centigrade degrees. In other words, when 
converting a variation of temperature, the height of the 
freezing point above 0° F., or 32°, is not considered. 
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MISCELLANEOUS MEASURES 


38. Collective Terms.—The terms pair, couple, gross, 
great gross, and score areused in connection with some articles 
or things; for example, a pair of shoes, a dozen screws, a 
gross of shears, and a score of years. Paper is usually bought 
and sold by the quire, ream, or bundle. 


TABLE OF MISCELLANEOUS MEASURES — Appppyr- 


ATIONS 

PALIT ES hater ccoNpepstenctn rere sess aierers cea =1 couple, or 1 pair........6.... pr. 
12 GANETERS. is Non oe pe Dae an nN Se LLEVA St See ERE ESOT a ae doz. 
12 GORSTO aE OS Se een eee eee ee SS GeAdehey, ono Hatine OME oe er. 
2 eRoRS a 5 Gs o eee Ok ae Ire AGT CateoLOSSME Gace ee ot, 
2 OPM Smet sr tyre inten na tiarcectiserie ness =1 score 
ZV AINQEUS US SOTA IS EEO aS =I ttiiterer rans eere oes crane ne ne ar. 
AUTOS A cr taass.trenccene pete aerate avert eye mag Winer td0 Jews Beet orel Mee ee rm. 

PAT CATIIS MER PNon sas Se racts eel ee Ge ibid eke erect ea bdl. 

BMD Gleam sos cet ete esas: SW yall Cea eae e Shan ance Be 


METRIC MEASURES 


LINEAR MEASURE 


39. Principal Units.—In the metric system a uni- 
form scale of 10 is used throughout, as in the ordinary scale of 
numbers and in United States money. The name of this sys- 
tem is derived from the meter, the unit from which all the 
other units are derived. The metric system of measures is in 
general use on the continent of Europe and is used to some 
extent in the United States. 

The unit of length is the meter, which has a length equal to 
39.37 inches, nearly. One hundredth of a meter is called a 
centimeter; and one thousandth of a meter, a millimeter. 

In the United States, engineers and mechanics are likely to 
meet with metric units in constructing machinery that has been 
designed abroad and is being built to order in this country. 
The units used on the drawings are usually the centimeter and 
the millimeter. 


I LT 300—10 
{ire 
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40. The relative lengths of centimeters and inches may be 
seen from Fig. 8 in which the upper scale is divided into inches 
and subdivisions, and the lower scale into centimeters and mil- 
limeters. The portion of the scale shown contains about 
9 centimeters; each centimeter divided into 10 equal parts to 
represent millimeters. It requires 100 centimeters, or more 
than 10 times the length shown in the illustration, to make 
1 meter. A millimeter is equal to .03937 inch and a centi- 


meter is equal to .3937 inch; that is,.1 inch is equal to =54,4 


Inches and Divisions 


Centimeters ond Millimeters 
Fic. 8 

=25.4 millimeters, or 2.54 centimeters. The kilometer is 

1,000 meters and is used in measuring great distances. It is 

equal to about 3 mile. 

The following equivalents, or conversion factors, are in most 
cases approximate: 1 inch=25.4 millimeters =2.54 centimeters ; 
1 foot=30.5 centimeters=.305 meter; 1 meter=39.37 inches 
=3.28 feet; 1 mile=1.61 kilometers; 1 kilometer=.6214 
mile=3,281 feet. 


TABLE OF LINEAR MEASURE ABBREVI- 

ATIONS 
10mullimeters’ (Gnims)) .. 3-26. . =] centimeter meets.. on eee ree cm. 
TOcentimetens# eee aren sack eal Maleennre\n eee, es | oe dm. 
NOfdecimeters wires sa. xeracrrere eters = TMCLOR. c cmisa sss ees Gee eR m. 
WOOO meters: ase cect ee kilometers... 0. sc ccscecnc km. 


SQUARE MEASURE AND CUBIC MEASURE 


41. Units of Square Measure.—Areas such as floors, 
ceilings, and ordinary surfaces are measured in square meters; 
countries and states, in square kilometers; and small areas, in 
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square centimeters. Land is measured in hectares, 1 hectare 
being equal to 10,000 square meters, which is equivalent to 
2.471 acres. 

The principal metric units of square measure are the square 
centimeter (sq. cm.), which equals .155 square inch, and the 
square meter (sq. m.), which equals 1.195 square yards. 
One square inch=6.45 square centimeters, and 1 square yard 
= 836 square meter. . 


TABLE OF SQUARE MEASURE Reese 

ATIONS 
100 square millimeters (sq.mm.)...=1 square centimeter ....... sq. cm. 
HOGisctarencentiieters sense... s =1 square decimeter ........ sq. dm. 
l00'square decimeters .....+..2-0.4 SSO MENETNSKSe Gonugoohanad sq. m. 


42. Units of Cubic Measure.—The metric units used 
in practical work are chiefly the cubic centimeter (cu. cm.), 
which equals .06102 cubic inch, and the cubic meter (cu. m.), 
or stere, which equals 1.31 cubic yards. One cubic inch 
= 16.388 cubic centimeters, and 1 cubic yard =.765 cubic meter. 


TABLE OF CUBIC MEASURE oetne 

ATIONS 
1,000 cubic millimeters (cu.mm.)...=I1 cubic centimeter ........ cu. cm. 
OOO CUbich centimeters wa. mere se <crr =1 cubic decimeter ......... cu. dm. 
1,000 cubic decimeters ............ ——eCllbiciletetusmiae cee ete cu. m, 


LIQUID AND DRY MEASURE 


43. Units of Capacity.—Metric units of capacity are 
the same for both liquids and dry substances. The liter (1.) 
is the principal unit of capacity; it is equal in volume to a 
cube whose edge is 10 centimeters in length. One hectoliter 
equals 100 liters. One liter=1,000 cubic centimeters=2.1 pints 
(liquid) =.91 quart (dry). One hectoliter=100 liters =210 
pints (liquid) =91 quarts (dry). One quart (dry) =1.1 liters; 
one gallon=3.785 liters. The volume of 1 liter is equal to 
1 cubic decimeter. 


26 WEIGHTS AND MEASURES § 4 


TABLE OF LIQUID AND DRY MEASURE  Apppeyi- 


ATIONS 
LOsnilliliters s (imls) ease eee ==centiliter® 2. vase uemmece eters cel 
1O'centiliter's. (08 eeesss cee sere = deciliter *20 ine se 4 oe ee dl. 
Okdeciliterstls.5 Sar) eet cee aie Sliter she hee Oe ee 1. 
LOM terseS ee OPAC et ise anna ooete = detalitetecdas ere eee D1. 
LOidecalitersmnvgy. atone tecioten eee: = hectoliter pecs, sosws eee sees Hl. 


LOihéctoliterses\- eye ines eee = Jeboliter to xecsstels saison cee Kl. 


MEASURE OF WEIGHT 


44, Units of Weight.—The gram is the principal 
metric unit of weight ; it is the weight of 1 cubic centimeter of 
pure distilled water at its temperature of maximum density, or 
39.2° F., and is equal to 15.432 grains, Troy. The gram is 
used in weighing small quantities of gold, silver, etc., also 
letters (for postage). For greater weights the kilogram is 
used; it is equal to the weight of 1 liter of pure water at a 
temperature of 39.2° F. One kilogram=1,000 grams =2.2046 
pounds avoirdupois, and 1 pound (av.) =.4536 kilogram. One 
metric ton=1,000 kilograms; its weight is equal to that of 
1 cubic meter of water at a temperature of 39.2° F. 


TABLE OF MEASURE OF WEIGHT Aegean 
ATIONS 

LOsnillionanise (nice) eee eee =lcentigrampss so. A. tem ener cg. 
LOiceinti statis eae ere ree eer == decigrain € <on.ce cicero dg. 
1Oldectonams.).., ese eeee ae eee ee Seer vals noe eee Re a hose S g. 

A Oloeatins warmers ty certo ere ie oe =—ihdecagram joan ce eee Dg. 
l0idecactamer emeeeani aie eee = heckorramiee cc. es ose eee Hg. 
LOMectoorams: seeereete eee tee = (Mulogtam's aes ek eee kg. 

il COO kilograms ie astro tee ee = lmetrichtonys...seseene aa a. 


Notre.—It is to be noted that, abbreviations of any units greater than the 
principal units meter, gram, and liter are capitalized. thas, decaliter and deca- 
grams are abbreviated D/. and Dg., respectively; and kilometer and kilogram are 
abbreviated Km. and Kg., Se tae eth However, usage has established km. and kg. 
as the most common forms of abbreviation for the latter two units named. 
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OPERATIONS WITH DENOMINATE NUMBERS 


REDUCTION 


REDUCTION OF ENGLISH UNITS 


45. Reduction to Higher or Lower Denomina- 
tions.—The reduction of denominate numbers is the proc- 
ess of changing their denomination without changing their 
value. Reduction is divided into two cases. In one case, the 
number is reduced to units lower than the highest named in 
the number ; in the other case, units of a low denomination are 
reduced to a higher one. The first is called reduction descend- 
ing ; the second, reduction ascending. 

To change 2 miles 120 rods to feet would require an applica- 
tion of reduction descending, and to change 243,079 pounds 
to tons would involve reduction ascending. 


46. Reduction Descending.—Reduction to a lower 
denomination, or reduction descending, is made by multiplying 
the number of the higher denomination by the number of units 
of the lower denomination contained in one unit of the higher 
denomination. For example, to reduce 2 hours to minutes, 2 is 
multiplied by 60, as 1 hour contains 60 minutes. Thus, 2X60 
=120 minutes. In reductions to lower denominations the fol- 
lowing rule is applied: 

Rule.—To reduce a compound denominate number to a 
lower denomination, multiply the number representing the 
higher denomination by the number of units in the next lower 
denomination required to make one unit of the higher denomi- 
nation, and to this product add the number of units of the 
lower denomination. 


ExAMpLe 1.—Reduce 14 degrees 18 minutes 17 seconds to seconds. 


al 
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Sotution.—In order that the rule may be conveniently applied the 
numbers are arranged in the manner shown. 
o 1 roa if Tee 
Multiply degrees by number of minutes in 1 degree 


Add minutes given in example 


Multiply by number of seconds in 1 minute 60 


Add seconds given in example 7, 


ExampLe 2.—How many seconds in 1 day? 


SoLuTION.— 


Number of hours in r day 24 
Multiply by number of minutesin thr. 60 


1440 min. 

Multiply by number of seconds in rmin, 60 

86400sec. Ans. 

47. The preceding examples involve more than two differ- 
ent denominations. In practice, as a rule, only two denomina- 
tions are considered, in which case the method of reduction can 
be much simplified. The following examples will show the 
method of procedure: 

Examp.e 1.—Reduce 64 quarts 1 pint to pints. 

Sotution.—Referring to the table of liquid measure, it is found that 
1 qt.=2 pt. 64 qt. is equal to 64X2, or 128 pt.; therefore, 64 qt. 1 pt. 
=128 pt.+1 pt.=129 pt. Ans. 

Example 2.—Reduce 6 tons 268 pounds to pounds. 

Sotution.—One ton contains 2,000 lb. Then, by the rule, 62,000 
=12,000 lb., and 12,000+-268=12,268 lb. Ans. 

Examp Le 3.—Change 5 hours 24 minutes to minutes. 

Sotution.—There are 60 min. in 1 hr. Therefore, according to the 
rule, 5X60=300 min., and 300+24=324 min. Ans. 

ExaMPLe 4.—How many inches in 3 feet 6$ inches? 

Sotution.—The number 3 is the higher denomination. According to 
the rule, this must be multiplied by 12, because it takes 12 of the lower 
units, or inches, to make one unit of the higher denomination, or 1 ft. 
Multiplying, 3X12=36 in. To this product is now added the 63 in. in 
the given number, making a total of 36+63=424 in. Therefore, 3 ft. 
63 in.=423 in. Ans. .. 

ExaAmp_e 5.—How many square inches in a surface whose area is 
3 square feet 28 square inches? 


SoLtution.—In 1 sq. ft. there are 144 sq. in. Then, by the rule, 
3X144=432 sq. in., and 432+28=460 sq. in. Ans, 
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EXAMPLES FOR PRACTICE 


1. Reduce: 
(a) 4rd. 2 yd. 2 ft. G ft. ine (a) 74 ft. 
(b) 4 bu. 3 pk. 2 qt. to qt. “)(b) 154 at. 


2. The length of an electric transmission line is 1 mi. 45 rd. 11 ft.; 
find the length, in feet, cf the wire for the complete (two-wire) circuit. 
Ans. 12,067 ft. 


3. A student purchased 8 Ib. 5 oz. (av.) of chemicals for experi- 
mental work. What was its value at 8 cents an ounce? Ans. $10.64 


4, If the bearings of a machine hold 3 pints of oil, how many times 
can they be filled from 2 barrels? Ans. 168 times 


5. The pressure of the atmosphere at sea level is at a given time 
14.7 pounds per square inch. What is the pressure per square foot? 
Ans. 2,116.8 Ib. 


48. Reduction Ascending.—Reduction to a higher 
denomination, or reduction ascending, is made by dividing the 
number of the lower denomination by the number of units of 
the lower denomination required to make one unit of the 
higher denomination. For example, to reduce 32 ounces (av.) 
to pounds, 32 is divided by 16, because 1 pound contains 
16 ounces; thus, 32+-16=2 pounds. In reductions to higher 
denominations the following rule is applied: 


Rule.—To reduce a denominate number to a higher denomi- 
nation, divide the number representing the denomination given 
by the number of units of this denomination required to make 
one unit of the higher denomination. The remainder will be 
of the same denomination, but the quotient will be of the 
higher. The quotient and the remainder together are the 
required result. 


Examp Le 1.—Reduce 211 inches to yards, feet, and inches. 


Sotution—There are 12 in. in 1 ft; 12)211(17 ft. 
therefore, 211 in. divided by 12=17 ft. and 12 
7 in. remainder. There are 3 ft. in 1 yd.; 3 
therefore, 17 ft. divided by 3=5 yd. and 2 ft. = a 
remainder. The last quotient and the two 3)17 (Syd tGpts 
remainders constitute the answer, 5 yd. 2 ft. 


7 in. (or = ft. rem. 
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Example 2.—Reduce 3,557 pints to higher denominations. 
So.ution.— There are 2 pt. in 1 qt.; 2)3557(1778 qt. 
therefore, 3,557 pt. divided by 2=1,778 2 


qt. and 1 pt. remainder. There are 15 
4 qt. in 1 gal.; therefore, 1,778 qt. 33 
divided by 4=444 gal. and 2 qt. re- 
mainder. There are 31.5 gal. in “17 
1 bbl.; therefore, 444.0 gal. divided 16 
by 31.5=14 bbl. and 3.0 gal. re- ~ I pt. rem. 
mainder. 4)1778(444gal. 
The answer is made up of the last 16 
quotient and all the remainders; A 
thus, 14 bbl. 3 gal. 2 qt. 1 pt. Note 16 
that the remainder after the last es 
division is not 30 gal. but 3 gal., the at ee 
decimal point being placed vertically 31.5) 444.0(14 bbl. 
under the point in the dividend. 315 
1290 
EXAMPLE 3.—Reduce 18,000 square 1260 
inches to square feet. ~ 3.0 gal. rem 


SoLuTion.— 

Divide by the number a 144)18000(125 sq. ft. Ans. 
square inches in I sq. ft. ak 

3 

2 


0 
0 


be? fi | 
bob 


ExampLe 4.—How many weeks in 18 days? 
So.ution.—It takes 7 days to make 1 week, that is, 7 units of the 
lower denomination to make 1 unit of the higher. By the rule, 18 is to 


be divided by 7 to get the result; thus, 
7) 18 (2 weeks 
14 


4 days 
The result is therefore 2 wk. 4 da. Ans. 
Examp_e 5.—Reduce 14,728 pounds to tons. 


SotutTron.—One ton is equal to 2,000 lb. Then, according to the 
rule, 14,728 is to be divided by 2,000; thus, 
2000)14728(7T. 
14000 
= 728 ib. 
Therefore, 14,728 lb=7 T. 728 Ib. Ans. 


EXAMPLE 6.—Reduce 945 pints to higher denominations. 


Sotution.—The solution is found in the manner shown in example 2. 
The final quotient and the various remainders are as follows: 3 bbl. 
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235 gal. 1 pt. The decimal .5 gal. must be reduced to the next lower 
denomination by multiplying it by the number of quarts in 1 gal. or 
X4=2 qt. Hence, the final answer is: 3 bbl. 23 gal. 2 qt. 1 pt. 


Y 


EXAMPLES FOR PRACTICE 


1. Reduce the following to units of higher denominations. If frac- 
tions appear in the results in any but the lowest denomination, reduce 
them to lower denominations. 

(a) 7,460 sq. in. (a) 5 sq. yd. 6 sq. ft. 116 sq. in. 

(b) 2,395 pt. (liq.) (b) 9 bbl. 15 gal. 3 qt. 1 pt. 


2. How many tons in 459,875 1b.? Ans. 229.9375 T. 


3. If 36 cu. ft. of coal weighs 1 T., how much space is filled by 7 T. 
1,590 Ib.? Ans. 280.62 cu. ft. 


Ans.{ 


4. How many rails, each 30 feet long, will be required to lay a rail- 
road track 26 miles long? Ans. 9,152 


Norre.—Two lines of rails are to be considered. 


REDUCTION OF METRIC UNITS 


49. Reduction to Higher or Lower Denominations. 
In the metric system it is easy to reduce the values of different 
denominations to the next lower or to the higher denomination, 
as all that is necessary is to multiply or divide by 10 for linear 
measures. If one or more of the intermediate denominations 
are omitted, the factor 10 is increased to 100 or to 1,000, as the 
case may be. For instance, on reducing meters to centimeters, 
the number of meters is multiplied by 100, as 1 meter = 100 cen- 
timeters. Reducing kilograms to grams, the number of kilo- 
grams is multiplied by 1,000, as 1 kilogram=1,000 grams. A 
few examples will show the method of procedure. 


Examp.e 1.—Reduce 8 kilograms to grams. 
Sotution.—From Art. 44, one kg.=1,000 g.; hence, 


8kg.=8X 1,000 g.=8,000 g. Ans. 
Exampie 2.—Express 7.65 cubic meters in cubic centimeters. 


Sotution.—F'rom the table of cubic measure, 1 cu. m.=1,000 cu. dm., 
and 1 cu. dm.=1,000 cu. cm. It follows that 7.65 cu. m.=7.65X1,000 
X1,000 cu. cm.=7,650,000 cu. cm. Ans. 
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Exampte 3.—Reduce 97.56 grams to kilograms. 
Sotution.—From Art. 44, one kg.=1,000 g. It follows that 


97.56 BF figy 00756 fen Ams 


ExampLe 4.—What is the weight of 37 cubic millimeters of water? 


So.ution.—From the table of cubic measure, 1 cu. cm.=1,000 cu. mm. 
It follows that 


37 cu. mm.= yeo0 X37 cu. cm.=.037 cu. cm. 
From Art. 44, 1 cu. cm. of water weighs 1 g.; therefore, the weight 
of 37 cu. mm. of water is 
037X1 g.=.037 g. Ans. 


REDUCTION FROM ONE SYSTEM TO ANOTHER 


50. Conversion of Metric Units to English Units. 
In changing metric units to English units, the general rule to 
follow is to multiply the number of metric units by the equiva- 
lent of that unit in the desired English units. The method can 
most easily be illustrated by examples, as follows: 


ExampLe 1—A machine part has a diameter of 115 millimeters. 
What is its diameter in inches? 


Sotution—From Art. 40, the equivalent of 1 mm. is .03937 in. 
Therefore, the equivalent of 115 mm. is 


115X.03937=4.52755 in., or 43] in., nearly. Ans. 
Examp Le 2.—lf a vessel has a volume of 248 cubic centimeters, what 
is its volume in cubic inches? 
Sotution.—Fronr Art. 42, the equivalent of 1 cu. cm. is .06102 cu. in. 
The volume of the vessel in cubic inches, therefore, is 


248 X.06102=15.13 cu. in. Ans. 


51. Conversion of English Units to Metric Units. 
In order to change English units to metric units divide the 
number of English units by the equivalent of the desired metric 
unit in English units; or, as multiplication is simpler than 
division, multiply the number of English units by the number 
of metric units equivalent to the English unit. 


ExampLeE 1.—If a bar is 63 inches long, what is its length in milli- 
meters? 
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Sotution.—According to Art. 40, 1 in. contains 25.4 mm. There- 
fore, 


68 X25.4=162 mm., very nearly. Ans. 
Examp Le 2.—If a tank of oil weighs 280 pounds, what is its weight in 
kilograms? 
Sotution.—By Art. 44, 1 lb.=.4536 kg.; hence, 
280 X .4536=127 kg. Ans. 


EXAMPLES FOR PRACTICE 


1. A disk has a diameter of 34 inches. What is its diameter in milli- 
meters? Ans. 82.55 mm. 


2. Find the length in inches of a piece of wire that is 280 miilli- 
meters long. Ans. 1lin. 


3. A box containing 123 cubic inches contains how many cubic centi- 
meters? Ans. 205 cu. cm., nearly 


4. A bag of flour weighs 12 kilograms. What is its weight in 
pounds? Ans, 264 lb., nearly 


52. Conversion Factors.—<As a convenien means for 
reducing the units of one system to those of another a list of 
the most frequently used conversion factors is given herewith. 
Many of these are factors shown in connection with the pre- 
ceding tables. The term conversion factor means here a 
multiplier which if used with a given number of one system 
converts it into an equivalent number of another system. It 
is stated in Art. 40 that 1 inch=25.4 millimeters. The num- 
ber 25.4 is a conversion factor by which any number of inches 
may be converted to millimeters. For example, 7.5 inches are 
converted to millimeters by using 25.4 as a multiplier; thus, 
7.5 inches=7.5X25.4 millimeters = 190.5 millimeters. 


List or ConverRsION Factors 


Inches X25.4=millimeters; millimeters+25.4=inches. 

Inches X2.54=centimeters; centimeters+2.54=inches. 

Feet X.305=meters; meters 3.28=feet. 

Miles X 1.61=kilometers; kilometers X.6214=miles. 

Square inchesX6.45=square centimeters; square centimetersX.155 
=square inches. 


¢ 


ce 


34 WEIGHTS AND MEASURES §4 


Square yardsX.836=square meters; square meters*1.195=square 
yards. 

Cubic inchesX16.4=cubic centimeters; cubic centimeters X.061=cubic 
inches. 

Cubic yardsX.765=cubic meters, or steres; cubic metersX1.31 
=cubic yards. ; 

Quarts (dry) X1.1=liters; jiters+1.1=quarts (dry). 

Gallons X3,785=liters; liters *.2642=gallons. 

Pounds (av.) X.4536=kilograms; kilograms X2.2=pounds. 


53. Application of Conversion Factors.—The appli- 
cation of the preceding list to the conversion of numbers from 
units of one system to units of another system may be seen 
from the following examples: 


ExampLe 1.—How many meters in 4,375 feet? 
Sotution.—As feet X.305=meters, 4,375 £t.=4,375 X .305=1,334.3575 m. 


Ans. 
Examete 2.—How many pounds in 723 kilograms? 


Sotution.—As kilograms X2.2=pounds, 723 kg.=723X2.2=1,590.6 Ib. 
: Ans. 
Examp_e 3.—Reduce 231 kilometers to miles. 


Sotution—As kilometers X.6214=miles, 231 kilometers=231X.6214 
=143.5 mi. Ans. 


REDUCTION OF DENOMINATE NUMBERS TO DECIMALS 


54. Rule for Reduction.—In calculations employing 
denominate numbers, it is often convenient, and in some cases 
necessary, to reduce a denominate number to a decimal part 
of the next higher denomination, as inches to a decimal of a 
foot, minutes to a decimal of an hour, and so forth. The 
method employed for the reduction of decimal denominate 
numbers corresponds in its main features with that explained 
in Arts. 45 to 48. 

Considering first the particular case of reducing 6 inches to 
a decimal part of a foot, it is to be noted that 1 inch is yy part 
of a foot. Therefore, 6 inches is 74 of a foot. Reducing 3 to 
a decimal, its equivalent value is the quotient of 6+12=.5. 
Hence, 6 inches is equivalent to .5 foot. Similarly, as 7 inches 
is equal to 74 of a foot, and +5 reduced to a decimal is equal to 
.5833, it follows that #5 foot is equal to .5833 foot. 
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In a similar manner 15 minutes may be reduced to a decimal 
of an hour. As 1 hour=60 minutes, 15 minutes= 23% hour. 
On reducing §§ to a decimal its equivalent value is found to 
be 15+60=.25; therefore, 15 minutes=.25 hour. 

The method followed in the preceding examples is embodied 
in the following rule: 


Rule.—To reduce a denominate number to a decimal of a 
higher denomination divide the given number by the number of 
units required to make one unit of the higher denomination. 
The quotient, expressed as a decimal, will be the equivalent 
decimal value of the given number in terms of the higher 
denomination. 


55. Application of Rule.—The application of the pre- 
ceding rule is shown in the following examples: 


ExampLe 1.—In the expression 26 feet 92 inches reduce the inches 
to a decimal of a foot and add the decimal to the whole number. 

Sotution.—According to the rule, the number 9? must be divided by 
12. This division will be made easier by reducing the number to an 
improper fraction or to a whole number and a decimal. Following the 
latter method, it is found that 9=9.75. On dividing 9.75 by 12 the 
quotient is .8125. It follows that 92 in=.8125 ft., and that the complete 
expression is 26+.8125=26.8125 ft. Ans. 


Exampre 2.—Reduce 36 degrees 27 minutes 48 seconds to degrees 
and decimal of a degree. 

Sotution.—Applying the rule, 48” must be reduced to a decimal of 
a minute by dividing 48 by 60, the number of seconds in a minute, and 
expressing the quotient as a decimal. Thus, 48+60=.8; hence, 48’”=.8’. 
This decimal must be added to the given minutes, the result being 
27+.8=27.8. This number must now be reduced to a decimal of a 
degree. Applying the rule again, the number 27.8 must be divided by 
the number of minutes in one degree, or 60. Thus, 27.8+60=.463; 
therefore, 27.8’ is equal to .463°. It follows that the expression 
36° 27’ 48” is equivalent to 36.463°. Ans. 


Exampie 3—Reduce 21 gallons 32 quarts 14 pints to gallons and a 
decimal part of a gallon. 
Sotution.—There are 2 pt. in a quart, therefore 14 pt. reduced to a 


decimal of a quart is equal to = 75 qt. Adding this decimal to 
32 qt. the sum is 4.5 qt. These quarts are reduced to a decimal of a 


gallon by dividing by the number of quarts in 1 gal, or 4; 45-4 
qe 
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=1.125. Therefore, 4.5 qt. is equal to 1.125 gal. On adding this num- 
ber to the given number of gallons, the sum is 22.125 gal. It follows 
that 21 gal. 3% qt. 14 pt. is equal to 22.125 gal. Ans. 


EXAMPLES FOR PRACTICE 


Reduce each of the following denominate numbers to a decimal part 
of the next higher denomination. 


1. 7% inches Ans. .625 ft. 

2. 13 ounces (av.) Ans. .8125 lb. 
3. 46 minutes (time) Ans. .767 hr. 
4, 2% quarts (liquid) Ans. .6875 gal. 
5. 120 square inches Ans. .833 sq. ft. 


REDUCTION OF A DECIMAL DENOMINATE NUMBER TO A 
NUMBER OF A LOWER DENOMINATION 


56. Rule for Reduction.—Sometimes it is required to 
reduce the decimal part of a denominate number to one or 
more numbers of a lower denomination. For instance, the 
decimal of a foot is to be reduced to inches, decimal of an hour 
to minutes and seconds, and so forth. 

Since the reduction of a number to a decimal of a higher 
denomination is made by division, the reverse process is effected 
by multiplication. For example, to reduce .75 foot to inches, 
75 must be multiplied by 12, since there are 12 inches in 
1 foot; thus, .75X12=9. Therefore, .75 foot is equivalent to 
9inches. The following rule applies to this kind of reduction: 


Rule.—To reduce a decimal denominate number to a num- 
ber of a lower denomination, multiply the decimal by the num- 
ber of units required to make one unit of the higher denomina- 
tion. The product will be the equivalent valwe in terms of the 
lower denomination. 


Yt Application of Rule.—The following examples 
show the application of the preceding rule: 


Examp te 1—Reduce 36.464 hours to hours, minutes, and seconds. 


So.ution.—According to the rule, the decimal is to be multiplied by 
60, as there are 60 min. in 1 hr.; 464X60=27.84; therefore, .464 hr. 
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=27.84 min. The decimal .84 must now be multiplied by 60, since there 
are 60 sec. in 1 min. Thus, .84X60=50.4; that is, .84 min.=50.4 sec. 
It follows that 36.464 hr. is equal to 36 hr. 27 min. 50.4 sec. Ans. 

EXAMPLE 2.—Reduce 6.75 feet to feet and inches. 

Sotution.-The decimal .75 is multiplied by 12, since there are 12 in. 
in 1 ft, or .75X12=9; that is, .75 ft=9 in. and 6.75 ft=6 ft. 9 in. 
Ans. 

ExAMPLe 3.—Reduce 5.453 feet to feet, inches, and sixteenths of an 
inch, 

Sorution.—The decimal .453 is multiplied by 12; thus, 45312 
=5.436, showing that .453 ft.=5.436 in. The decimal .436 is reduced to 
sixteenths by multiplying by 1%, since there are 16 sixteenths in 1 inch. 

16 6.976 
Thus, 436X756 = nice 
As it is desirable that the latter number shall be a whole number, 
the decimal part is omitted, and as the decimal is greater than .5, the 


whole number is increased by 1; thus es 1s=.436 in., approximately. 


16 
It follows that 5.453 ft.=5 ft. 5¥¢ in. Ans. 

Examp_e 4.—Reduce 4.29 inches to inches and dic plabeottla of an 
inch, 

So.ution.—The decimal .29 is reduced to thirty-seconds by multiply- 
ing by $3, there being 32 thirty-seconds in 1 inch. Then, .29X 32 
a Bat in., approximately; the decimal .28 being less than .5, it is 
simply dropped. Therefore, 4.29 in.=43% in. Ans. 


therefore, .436 in.=6.976 sixteenths of an inch. 


EXAMPLES FOR PRACTICE 


Reduce the following decimal values to units of lower denominations: 


1. .625 feet to inches Ans. 73 in. 

2. .8125 pound (av.) to ounces Ans. 13 oz. 

3. .767 hour to minutes Ans. 46 min. 
4. .6875 gallon to quarts Ans, 22 qt. 

5. .833 square foot to square inches Ans. 120 sq. in. 


ADDITION OF COMPOUND NUMBERS 
58. Rule for Adding Compound Numbers.—Com- 


pound numbers formed of denominations belonging to the 
same kind may be added by applying the following rule: 
4 ° 
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Rule.—Place the numbers so that like denominations are in 
the same column. Begin at the right-hand column, and add. 
Divide the sum by the number of units of this denomination 
required to make one unit of the higher denomination. Place 
the remainder under the column added, and carry the quotient 
to the next column, 


Exampie 1—Four bars measure 1 foot 3% 


i a inches, 2 feet 7% inches, 1 foot 114 inches, and 
2 st 3 feet 8% inches, respectively; what is the com- 
1 11} bined length? 

; ee gon So.ution—The numbers are arranged as 


shown. On adding the numbers in the first col- 
lumn the sum is found to be 314 in, or 2 ft. 74 in. The 74 in. is put 
down and the 2 ft. is added to the other column, giving 9 ft. The com- 
bined length of the bars is 9 ft. 74 in. Ans. 


Exampte 2.—A workman spends 1 hour 40 minutes on one piece of 


work, 2 hours 35 minutes on another, and 3 hours he ace 

10 minutes on a third. What is his time on all 1 40. 

three? 2 3 
SoLuTiIon.—The sum of the numbers in the 3 10 

right-hand column is 85 min., which is equal to 7 25 Ans. 


1 hr. 25 min. The 25 min. is set down and the 1 hr. is carried over and 
added to the number in the other column. Therefore, the total time is 
7 hr. 25 min. Ans. 


EXAMPLES FOR PRACTICE 


1. Find the sum of 7 feet 6 inches, 3 feet 74 inches, 1 foot 92 inches, 
and 2 feet 2 inches. Ans. 15 ft. 12 in. 


2. Find the total weight of three lots of scrap iron that weigh 2 tons 
765 pounds, 4 tons 1,240 pounds, and 1 ton 800 pounds. 


Ans. 8 T. 805 Ib. 


3. A carpenter works 2 hours 45 minutes on one job, 1 hour 
5 minutes on another, and 3 hours 25 minutes on another. What is the 
total time worked? : Ans. 7 hr. 15 min. 


4, Along the end-of a factory, as shown by the diagram, Fig. 9, 
four machines a, b, c, and d are set in line. The distances between the 
machines and between the end machines and the wall, and the lengths 
of the machines are as marked. What is the distance from one side 
wall to the other? Ans. 37 ft. 
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5. Of four oil tanks situated in a power plant, the first tank con- 
tains 167 gallons 3 quarts; the second contains 186 gallons 1 quart; the 
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third contains 108 gallons 2 quarts, and the fourth contains 123 gallons 
3 quarts. What is the total quantity of oil in the tanks? 
Ans. 586 gal. 1 qt. 


Side Wall 


SUBTRACTION OF COMPOUND NUMBERS 


59. Rule for Subtracting Compound Numbers. 
Compound numbers may be subtracted by applying the follow- 
ing rule: 


Rule.—Place the smaller quantity under the larger quantity, 
with like denominations in the same column. Beginning at the 
right, subtract the number in the subtrahend in each denomina- 
tion from the one above, and place the differences underneath. 
If the number in the minuend of any denomination is less than 
the number under it in the subtrahend, one must be taken from 
the minuend of the next higher denomination, reduced, and 
added to tt. 


Examp.e 1.—A pile of coal containing 3 tons 728 pounds has 1 ton 
566 poundstaken away. How much remains? 
So.ution.—Setting down the numbers ac- : d i ot 
i h 1 d subtracting, the ee 
pene aiicradles an ;- subtrahend 1 566 


remainder is found, as shown. i 5 268 
That is, 2 T. 162 lb. remain. Ans. remamaer 


EXAMPLE 2.—A length of pipe 4 feet 6 inches long has a piece 1 foot 

8 inches long cut off. What length remains? 
Sotution.—Arranging the numbers as shown, the re- 

8 mainder is found in the following manner: As it is 

impossible to subtract 8 from 6, 1 ft. is borrowed from 

the 4 ft. and added to the 6 in. after converting the foot to inches. 

Thus, 12+6=18 in. The 1 ft. taken away from the 4 ft. leaves 3 ft. 
ILT 300-11 $e 


in. 


ft. 
4 
1 
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The numbers will then appear as shown in the second arrangement. 
Arranged in this form, 8 may be taken from 18, leaving 10, 


ft. in. and 1 from 3, leaving 2. The remainder is therefore 2 ft. 
: eas 10 in. Ans. 

Norre.—The operation of taking 1 ft. away from the 4 ft., reduc- 
Z 2, 10 ing it to inches, and adding it to the 6 in., would generally be 


done mentally, and would not be written down as shown. 


EXAMPLES FOR PRACTICE 


1. From a piece of timber 10 feet 8 inches long two pieces are sawed 
off, one measuring 2 feet 6 inches and the other 3 feet 8 inches. 
Neglecting the width of the saw cuts, what length of timber remains? 

Ans. 4 ft. 6 in. 


2. A glass tube 3 feet 5 inches long, as shown in Fig. 10, is marked 


a ae Z | 
5-5" 


Fic. 10 


to be cut off into two parts, the shorter of which is 1 foot 8 inches. 
What is the length of the longer part? Ans. 1 ft.9 in. 


3. If 2 gallons 3 quarts 1 pint of oil is drawn from a tank contain- 
ing 8 gallons 1 quart 14 pint, how much oil remains in the tank? 

Ans. 5 gal. 2 qt. 4 pt. 

4. A certain lever may move through an angle of 45° 26’ 43”. If it 


has moved through an angle of 30° 14 55”, through what angle must it 
yet move to reach its final position? Ans. 15° 11’ 48” 


MULTIPLICATION OF COMPOUND NUMBERS 


60. Rule for Multiplying Compound Numbers. 
Compound numbers may be multiplied by other numbers by 
applying the following rule: 


Rule.—Multiply the number representing the lower denomi- 
nation by the given multiplier and reduce the product to the 
higher denomination. Write the remainder under the lower 
denomination, and add the quotient to the product obtained by 
multiplying the higher denomination by the multiplier. 


Exampte 1—What length of stock is needed to make 16 bolts, if 
each bolt requires a length of 1 foot 3$ inches? 
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So.ution 1.—The stock required must be 16 times the length required 
for one bolt. 
Arranging the numbers as shown, 3% is multiplied by 16; thus, 


2 ; 
34x 16=— x16= 405, Pars) tess equal to—4 foi aear hens 
mainder 2 is placed under 16 and the 4 ft. ft. Oe 
is carried over and added to the next product. 1 34 
Multiplying 1 ft. by 16, the product is 16 ft. 16 


to which is added 4 ft. or 16+4=20 ft. The 20ft. 2in. Ans. 
length of stock must therefore be 20 ft. 2 in. Ans. 


ft. an, Sotution 2.—The problem may also be 
1 33 solved in the following manner: Multiplying 
16 1 ft. 3h in. by 16 gives 16 ft. and 16X38 in.; 
Lofts © +5 Olan, 25 400 ‘ 
=2() ft. 2in. Ans, but 16X3% in.=16X oo in. But 50 in. 


=4 ft. 2 in., and the whole product is therefore 16 ft.+4 ft. 2 in.=20 ft. 
Zine 2AnNS. 
EXAMPLE 2.—Multiply 6 lb. 14 oz. (av.) by 12. 


So.ution.—The numbers 6 pounds and 14 ounces are each multiplied 
by 12, giving the product, 72 lb. 168 oz. To. 1b 


reduce 168 oz. to pounds and ounces, it is 6 Bo 
divided by 16, as there are 16 oz. in 1 lb. 12 
Thus, 168 oz.+16=10 lb. 8 oz., and 72 Ib. eo ee 
+10 1b.=82 Ib., making the whole weight 14 
equal to 82 Ib. 8 oz. 7 2 1b. 168 oz. 
=8 2 lb. 8o0z. Ans. 


ExampLe 3.—The circumference of a 
flywheel, which also serves as a driving pulley, is 47 feet 3 inches. If 
the belt is in contact with the rim of the flywheel 


ae Ba over 2 of its circumference, what is the length of 
2 that portion of the belt that makes contact with 

283 ft. 1gin. the pulley? 
=28 tt. 45in. — So_uTion.—Multiplying 47 ft. 3 in. by $ gives 


28! ft. 14 in. The fraction 4 ft. must be reduced to inches and added 
to 1#in. Thus 12X3=22 in.; 22+14=33=4% in. The required length is, 
then, 28 ft. 44 in. Ans. 


EXAMPLES FOR PRACTICE 


1. Twelve pieces each 1 foot 34 inches long are sawed from a bar 
of iron. What is the total length sawed off, neglecting the width of 
the saw cut? Ans. 15 ft.6in. 


2. If 18 boxes each 2 feet 44 inches wide are set side by side, what 
will be the total width? Ans, 42 ft.9 in. 


¢ 
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3. Five loads of pig iron, each weighing 4 tons 650 pounds, are 
purchased. What is the total amount of iron purchased, if the weight is 
in long tons? Ans. 21 T. 1,010 lb. 


4. Each cell of an electric battery requires 2 pounds 12 ounces (av.) 
of copper sulphate for a charge. How much will 23 cells require? 
Ans. 63 lb. 4 oz. 


5. Multiply 42 degrees 31 minutes 24 seconds by #. Ans. 30° 22’ 25%" 


DIVISION OF COMPOUND NUMBERS 


61. Rule for Dividing Compound Numbers.—The 
rule to be used in dividing a compound number by another 
number is as follows: 


Rule.—Find how many times the divisor is contained in the 
first or higher denomination of the dividend ; reduce the remain- 
der, if any, to the lower denomination, and add to it the num- 
ber in the given dividend expressing that denomination; divide 
this new dividend by the divisor, and the quotient will be the 
next denomination in the quotient required. Or, reduce the 
dividend to units of the lower denomination and divide by the 
given divisor. 


Exampte 1—A piece of bar iron 20 feet 2 inches long is used in 
ae ant making 16 bolts, all of the same length. 
16)20 2 (1ft.3hin. Ans. What is the length used for each bolt? 
16 


Sotution 1—The numbers are ar- 


ih iar ranged and the division is performed as 
48in. in the accompanying solution. The total 

2 in. length of the bar, or 20 ft. 2 in, is 

16) 50in. (33 in. divided by 16. First, 16 is contained 
48 once in 20 ft., with 4 ft. as a remainder. 
ie= This 4 ft. is now reduced to inches by 


multiplying it by 12, which gives 48 in. Adding the 2 in. in the original 
nutnber, gives a sum of 50 in. Then, 50+16=333=34 in. Thus, the 
amount used for each bolt is 1 ft. 3 in. Ans. 


Sotution 2.—The example may also be solved by reducing the com- 
pound number to its lowest denomination and then dividing by the given 
divisor. Thus, 20 ft. 2 in. is reduced as follows: 20X12=240; 
240+2=242 in. Then, 242+16=153 in., or 1 ft. 3h in. Ans. 
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Exampe 2.—Divide 28 feet 5 inches by 8. 
SOLuTION.— 28 ft. divided by 8 gives a quotient of 3 ft. and 4 ft. as 
a remainder. The 4 ft. is now reduced ft 


to inches by multiplying by 12, which 
gives 48 in. 48+5=53 in. and 53+8=68 


in. 
8)28 5 (3 ft.63in. Ans. 
24 


in., making the answer 3 ft. 68 in. eran 
Exampie 3.—Divide 85 tons 1,843 ae 
48in. 
pounds by 36. iS Fea 


Sotution.— 85 T. divided by 36=2 T. 8)53 
with a remainder of 13 T.=26,000 1b.; 48 
but, 26,000 lb.+1,843 1b.=27,843 lb., and 
27,843 lb.+-36=773.4 lb., making the complete answer 2 T. 773.4 Ib. 


SMO) (3S) ah 1843 1b.(2T. 773.41b. approx. Ans. 


6) 27843 lb. (773.4 lb. 
Zoe 


ies) 


EXAMPLES FOR PRACTICE 


1. Ifa bar 5 feet 3 inches long is divided into four equal parts, what 
is the length of each? Ans. 1 ft. 3% in, 


2. If a man requires 23 hours 50 minutes to make 11 articles of 
merchandise, how long will it take to make one? Ans. 2hr. 10 min. 


3. How many armature coils weighing 1 Ib. 3 oz. each can be made 
from a reel of copper wire weighing 200 pounds, net? 
Ans. 168 coils and 8 oz. of wire remaining 


4. How long would it take a cannon ball traveling at the rate of 
1,950 feet per second to pass over a distance of 10 miles? 
Ans. 27 sec., nearly 


5. How long will 40 gallons of lubricating oil last, if 7 pints are 
used each day? Ans, 453 da, 


KATIO AND PROPORTION 


RATIO 


SIMPLE RATIO 


EXPRESSING AND FINDING RATIOS 


1. Comparison of Numbers.—In practice there are 
many cases in which it is more useful to know how many times 
one number is larger than another number, than to know the 
actual values of these numbers. For example, in calculating 
the relative speeds of shafts driven by gear wheels, it is more 
convenient to state how many times more teeth one wheel has 
than another, than to consider the actual number of teeth on 
each wheel. These comparative values of the number of teeth 


are generally stated in the form of a fraction, as - the fraction 


meaning that the number of teeth on the driving wheel is 
three times as great as that on the driven wheel. The actual 
number of teeth on the two wheels is left out of consideration 
for the time being; they may be 90 and 30, 36 and 12, or any 
other combination in which one wheel has three times as many 
teeth as the other. 


2. Another example showing the advantage of giving the 
relative values of numbers may be found in government health 
reports. One of those may state, for instance, that of each 
1,000 inhabitants in a certain city 25 persons suffered from 
influenza, 1.24 from typhoid, etc. Reports given in this form 


* 
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are much more instructive than those which simply state that 
in the same city 1,250 persons suffered from influenza, 62 from 
typhoid, etc. By means of the first report it is possible to 
institute comparisons with other cities, but with reports of the 
latter kind comparisons are difficult, unless the total number of 
inhabitants is known in each case. 

Similarly, when speed of operation or production is con- 
sidered, it is much easier to make comparison between various 
machines, when their relative speeds are known. For example, 
on comparing the speeds of two railway trains, it is found that 
a train A makes 90 miles in 2 hours 15 minutes and that 
another train B makes 108 miles in 2 hours 24 minutes. From 
those statements it is difficult quickly to form an idea of the 
relative speeds of these trains. But, if it is said that the 
train A made 40 miles an hour and the train B 45 miles an hour, 
the comparison is easier, and is still more facilitated if the 
relative speeds are stated in the form of a fraction, as for 


instance, the speed of J is 8 of the speed of B. This expres- 
9 


sion means that while the train 4 makes 8 miles, the train B 
makes 9 miles. 

It is the purpose of this Section to show by what means the 
relative values of two numbers may be found, and how the 
existing relation between one pair of numbers may be used for 
finding another pair, similarly related. This Section deals with 
one of the most interesting and useful subjects to be found 
in arithmetic. 


3. Finding the Ratio of Two Numbers.—Two num- 
bers may be compared in one of two ways. Suppose, for 
instance, that the diameters of two belt pulleys are to be com- 
pared, one being 30 inches and the other 6 inches. If it is 
necessary to know how many times 30 is larger than 6, then 
30 is divided by 6 giving 5 as the quotient; thus, 30+6=5. 
Hence, it may be said that 30 inches is 5 times as large as 
6 inches, or that the 30-inch diameter contains 5 times as many 
inches as the 6-inch diameter. Or, the numbers 30 and 6 may 
be compared by ascertaining what part 6 inches is of 20 inches. 
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Then, 6 is divided by 30, giving the quotient 4 or .2. Hence, 
6 inches is 4, or .2, of 30 inches. 

As a practical example of this kind of comparison may be 
mentioned the case of two pulleys that are to be connected by a 
belt. It is here necessary to know the relation between the 
diameters of the two pulleys in order that their relative speeds 
may be calculated. 


4. The two numbers compared must be units of the same 
denomination. For instance, if one number is given in inches, 
the other number must also be in inches; thus, 30 inches may 
be compared with 6 inches, as in the preceding example; but, 
30 inches cannot be compared with 6 pounds. From the pre- 
ceding remarks it will be seen that the term ratio means a 
comparison of two numbers of the same denomination or kind. 
The operation of comparing two numbers is called finding the 
ratio of the numbers. 


5. Expressing a Ratio.—A ratio may be written in two 
different ways, both of which are correct. Thus, the ratio of 
20 to 4, or the value of 20 compared to the value of 4, may be 

20 


written 20:4 or we Each of these expressions is read 
the ratio of 20 to 4. The ratio of 4 to 20 would be written 
either 4: 20 Bee The method most commonly used in writing 
ratios is the first one shown; that is, the two numbers are 
separated by the sign (: ), which is really an abbreviation of 
+, the sign of division, and has the same meaning, division 
being practically a method of indicating ratio. Hence, 20:4 
is equal to 20+4=5. In calculations, ratios are frequently 
written in the form of fractions; thus, the ratio of 20 to 4 may 


20 


be written “<Y. 
4 


6. Terms of Ratio.—The two numbers to be compared 
are known as the terms of the ratio; thus, in the ratio 30:6, 
30 and 6 are the two terms. When both terms are considered 
together they are called a couplet; when considered separately, 
the first term is called the antecedent, and the second term 


i?" 
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the consequent. Thus, in the ratio 30: 6, 30 and 6 form a 
couplet, in which 30 is the antecedent and 6 the consequent. 


7. Simple Ratio.—When a ratio has only one antecedent 
and one consequent, it is known as a simple ratio. Thus, 
the ratio 30 : 6 is a simple ratio. 


8. Direct and Inverse Ratio.—When it is desired to 
compare two denominate numbers of the same kind, the com- 
parison is usually made by finding the ratio of the first number 
tothesecond. Thisisknownasadirect ratio. For instance, 
the direct ratio of 22 feet to 9 feetis 22:9. Ifthe given terms 
are interchanged the ratio becomes an inverse ratio. Thus, 
the inverse ratio of 22 feet to 9 feet is 9: 22. The direct ratio 
of 5 pounds to 11 pounds is 5:11, and the inverse ratio is 11 :5. 

Every ratio is understood to bea direct ratio unless otherwise 
stated. 


9. Value of a Ratio.—Distinction must be made between 
a ratio and its value. A ratio is represented by its two terms. 
The value of a ratio is the quotient obtained by dividing the 
first term by the second. Thus, the ratio of 20 to 4 is 20:4; 
the value of this ratio is 20+4=5. 


oC 
a 


10. Ratio Considered as a Fraction.—By expressin 
the ratio in the fractional form, for example, the ratio of 


18 to 38 as o it follows from the laws of fractions that both 


terms may be multiplied or both divided by the same number, 
without altering the value of the ratio. Thus, 
1818x472. 18. 18+3 6 
Bm SRAsiivsies = Sark 

In each case the value of the ratio is 6. 

In the ratio 6:10, in which the antecedent is the smaller 
one of the two terms, the ratio, when expressed in the fractional 
Oo Orta 3 
1OMi02 2h bt 


6 HOR 
5 


form, becomes Hence, the value of the ratio 
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When a ratio is given in the fractional form a direct ratio 
may be changed to an inverse ratio by simply inverting the 


fraction. For instance, the direct ratio of 21 to 7 is = which 


has a value of 3. The inverse ratio of 21 to 7 is oe in this 


case the value of the ratio is 4, which is the reciprocal 


of 3. An inverse ratio is, therefore, also called a recip- 
rocal ratio, as its value is the reciprocal of the value of 
the direct ratio. The reciprocal of a number is 1 divided 
by that number; the reciprocal of a fraction is the fraction 
inverted. 


11. Reducing a Ratio to Its Lowest Terms.—It is 
preferable that a ratio be reduced to its lowest terms and, if 
possible, that one of its terms be made unity, or 1. Thus, 
instead of saying that the ratio of the resistances of two elec- 


trical conductors is = the ratio may be reduced to a such 


an expression is often used instead of giving the actual values 
of the respective resistances. 

A ratio is reduced to its lowest terms by dividing both terms 
by the same number until no number except 1 can be found 
that will divide both terms without a remainder. Thus, the 


ratio = when reduced to its lowest terms, becomes : which is 


obtained hy dividing each number by 12. The operation may 
; 84+12 7 
be written — =-, 
48+12 4 


12. Rules for Finding Direct and Indirect Ratio of 
Two Numbers.—The following rules may be used in cases 


where the direct or the indirect ratio of two numbers is to be 
found: 


Rule I.—The direct ratio of two numbers is found by making 
the first one of the given numbers the antecedent and the second 
one the consequent of the ratio. 


q:?* 
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Rule I1.—The inverse ratio of two numbers 1s found by making 
the second number of those given the antecedent and the first one 
the consequent of the ratio. 

EXAMPLE 1.—(a) What is the direct ratio of 9 to 3? (6) What is the 
value of the ratio? 


SoLuTIon.—(a) Applying rule I, the first number, 9, is made the 
antecedent and the second number, 3, the consequent of the ratio; thus, 


3 
the direct ratio of 9 to 3 is 9 : 3, or 2-7 Ans. 


(b) From Art. 9 the value of the ratio is 3+1=3. Ans. 


EXAMPLE 2.—(a) What is the inverse ratio of 10 to 5? (6) What is 
the value of the ratio? 

SoLuTION.—(a) Applying rule II, the second number, 5, is placed as the 
antecedent of the ratio, and 10 as the consequent; thus, the inverse ratio of 

EF al 
100.515 5:10 ,01r =.) Ans: 
o 5 is or 10° 13 ns. 
(6) From Art. 9 the value of the ratio is 1+2=.5, or}. Ans. 


EXAMPLE 3.—(a) Reduce the ratio 19 : 76 toits lowest terms. (b) What 
is the value of the ratio? 

SoLuTion.—(a) According to Art. 11 a ratio is reduced to its lowest 
terms by dividing both terms by the same number, continuing the process 
until no number except 1 can be found that will be contained in each term 
without a remainder. In this case the terms of the ratio may be divided 
panes 19+19 1 

5 layers —— =-. 
mi 76+19 4 
(b) The value of the ratio is $, or .25. Ans. 


Ss. 


EXAMPLE 4.—What is the inverse ratio of 8 and 72, and what is the 
value of the ratio? 


SoLutTion.—Applying rule II, the inverse ratio of 8 to 72 is 72:8, 
which reduced to its lowest terms is 9:1. The value of the ratio is 
9+1=9. Ans. 


EXAMPLE 5.—What is the direct ratio of 72 to 8, and what is the value 
of the ratio? 


SoLutTion.—Applying rule I, the direct ratio of 72 to 8 is 72: 8=9:1. 
The value of the ratio is9+1=9. Ans. 


Notr.—Examples 4 and75 show that the direct and the inverse ratio of two numbers 
may be equal, depending on their relative positions in the statement contained in the 
example; for instance, whether 8 precedes or follows 72. 

EXAMPLE 6.—A pair of gear-wheels contain 60 and 35 teeth, respectively. 
(a) What is the ratio of the number of teeth in the larger to the number 
of teeth in the smaller? (+) What is the ratio of the smaller number to 
the larger? 
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SoL_uTion.—(a) The ratio of the larger number of teeth to the smaller 
is the ratio of 60 to 35, or 60 : 35, and reducing this to its lowest terms 
by dividing both terms by 5, the ratio becomes 12:7. Ans. 

(b) The ratio of the smaller number to the larger is 35 : 60, which, 
reduced to its lowest terms by dividing both terms by 5, is equal to 
Wal, #Ans, 


EXAMPLES FOR PRACTICE 
1. What is the ratio of 126 to 18, reduced to itslowest terms? Ans. 7:1 


2. Two gears have 39 and 54 teeth, respectively. What is the value 
of the ratio of the larger number to the smaller? Ans. 13°, 


3. What is the value of the ratio of 6.25 to .75? Ans. 84 


4. One pulley is 24 inches in diameter and another is 60 inches in 
diameter. What is the inverse ratio of the diameter of the smaller pulley 
to that of the larger? Ans. 5 : 2 


5. Aman traveled 250 miles, partly by rail and partly by boat. Ifhe 
traveled 150 miles by rail, state (a) the distance traveled by boat; (b) the 
ratio of the distance traveled by rail to that traveled by boat. 


(az) 100 mi. 
Ans.| (b) 3:2 


6. During one year A and B invest 5 dollars and 4 dollars, respectively, 
every month. (a) What is the ratio of A’s investment to that of B? 
(b) What is the ratio of B’s investment to that of A? (c) What are the 
values of the two ratios? (@) 5124 

soe 4:5 
(c) lgand 4 
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PROPORTION 


SIMPLE PROPORTION 


DIRECT AND INVERSE PROPORTIONS 


13. Elements of a Proportion.—A simple propor- 
tion consists of two simple ratios of the same value connected 
by an equality sign (=) or a double colon (: :). For example, 
the ratios 8:6 and 12:9 are of the same value, and a pro- 
portion may be formed by them, as8 :6=12:9,or8:6::12:9. 
The equality sign is used more frequently than the double 
colon, so the proportions in this and other Sections will be 
written with the equality sign. The proportion 8 :6=12 : 9is 
read 8 1s to 6 as 12 is to 9, or the ratio of 8 to 6 1s equal to the 
ratio of 12 to 9. This same proportion can also be written 


2 : : : 
= each of the two ratios being given as a fraction. 


The term couplet used in connection with a ratio is some- 
times applied to the elements of a proportion. Each ratio, or 
couplet, has two terms and the terms of a proportion are called 
first, second, third, and fourth, numbering from left to right. 
The first and fourth terms are the extremes; the second and 
third terms are the means. 

The following table gives the proportion 25 : 10=40 : 16 and 
the terms applied to its various elements, or parts. 


Ratios, or couplets First Second 
po ay pe 
REIS acne eat First Second Third Fourth 
OMBRITICS Gercwce pace 25, 2 LO = "02 eG 
a. Extreme Mean Mean Extreme 


It is seen that 25 : 10 is the first couplet or ratio, and that 
40 : 16 is the second couplet or ratio. Numbering from left to 
right, 25 is the first and 16 the fourth term. It is also seen 
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that the numbers 25 and 16 form the two extremes and the 
numbers 10 and 40 the two means of the proportion. 


14. Useoft Proportions.—In practice there are numerous 
cases in which one ratio is given and it is required to find an 
equal ratio of which one term is already known; this is the 
purpose of a proportion, as may be made clearer by an example. 
Let it be supposed that the top of a table is 6 feet long and 
3 feet wide and that it is required to make another table the 
top of which is 8 feet long, the ratio of length to width being 
the same as in the smaller table. Here the first ratio is 6 : 3 
and the second ratio 8: x, the missing term being indicated 
by the symbol x. The value of the first ratio is 6+3=2 and 
if the value of the second ratio is to be 2, also, it is evident 
that the missing term, x, must be 8+2=4, and the new table 
top must, therefore, be 4 feet wide. Hence, the complete 
proportion is 6 :3=8 : 4. 


15. A problem frequently met with in practice may be 
given as another example. The ratio of the weights of the 
ingredients in a certain mixture is 7:3. Of the first ingredient 
there is on hand 91 pounds, and it is required to know what 
weight of the second ingredient will be required in order that 
the ratio of the two weights may be as 7:3. The first ratio is 
7 :3and the second is 91: 4x. In this case the relation between 
the two ratios is so simple that the problem may be solved by 
inspection in the following manner: It is seen that 7 is con- 
tained 13 times in 91; according to Art. 10 both terms of a 
ratio may be multiplied by the same number without altering the 
value of theratio. Hence, on multiplying the terms of the ratio 
7:3 by 18, the result is 7X13 :3X13=91:39. The numbers 91 
and 39 are, therefore, the terms of the second ratio, showing that 
x, or the weight of the second ingredient, is equal to 39 pounds. 

These examples will suffice to show some of the simpler 
cases in which the principle of proportion is applied in practice. 
Further explanations will show that the subject of proportion 
forms one of the most useful sections of arithmetic. 


16. Direct and Inverse Proportions.—A direct pro- 
portion is one in which both couplets are direct ratios. A 


tPe 
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proportion is always understood to be direct unless the state- 
ment of a problem clearly indicates otherwise. An inverse 
proportion is one that requires one of the couplets to be 
expressed as an inverse ratio. Thus, if 8 is to 4 inversely as 
3 is to x, one of the ratios must be reversed (it does not matter 
which one) and the proportion may be written in either of the 
following ways: 8:4=%:3, or4:8=3:%. In the first pro- 
portion the second couplet is reversed; in the second proportion 
the first couplet is reversed. 


1%. Directly Proportional and Inversely Propor- 
tional Quantities.—In technical literature, one quantity is 
said to be proportional to another, or to vary with it, or to 
increase with it, or to decrease with it; any one of these expres- 
sions means that a change in one of the quantities causes, or 
is accompanied by, a corresponding change in the other. If 
the word inversely is used with one of these expressions, the 
meaning is that a change in one quantity causes an opposite 
change in the other. Sometimes the word directly is used 
when it is desirable to make sure that the meaning will not be 
understood to be inverse. For example, the resistance of an 
electric wire is directly proportional to its length, or varies 
with, or increases with, its length; that is, the longer the wire, 
the greater is its resistance. But, if a number of men are 
engaged in building a fence, the time required to finish the 
fence is inversely proportional to the number of men working 
on it; that is, the more men, the shorter the time. 


18. Rules for Finding Unknown Terms of Propor- 
tions.—In any proportion, the product of the extremes is equal to 
the product of the means. For example, in the proportion 17 :51 
=14 : 42, the extremes are 17 and 42 and the means are 51 
and 14. According to the preceding statement the product 17 
x42 must be equal to 51 X 14, which is true because 17 X42 = 714 
and51X14=714. Thisimportant principle makes it possible to 
find an unknown term of a proportion when the three other terms 
are known. The following rules are based on this principle: 


Rule I.—To find an unknown extreme, divide the product of 
the means by the given extreme. 
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Rule I1.—To find an unknown mean, divide the product of 
the extremes by the given mean. 


19. Direct Proportion.—In forming the two ratios of a 
proportion it is important to see that both terms of each ratio 
are of the same kind. For instance, if one term is given in 
pounds, the other must also be in pounds. But the four terms 
of a proportion need not be of the same kind; in one ratio both 
terms may be in pounds, and in the other both in feet, and so 
forth. 

Another point to be noted in forming a direct proportion is 
that the terms are arranged so that the first term of each 
ratio refers to one of the things compared and that the second 
term in each ratio refers to the other thing compared. For 
instance, an example states that the weights of two parcels of 
sugar are 2 and 5 pounds, respectively, and that the cost of 
the smaller parcel is 12 cents. It is required to find the cost 
of the larger parcel. Here, one ratio is 2:5, and the other 
must be 12: x, as the term 2 in the first ratio refers to the 
parcel that costs 12 cents; hence, 12 must. be the first term of 
the second ratio, and the proportion is written 

2:5=12:% 


20. Arrangement and Solution of Direct Propor- 
tions.—In-the following method for solving proportions, it is 
found convenient always to let the unknown term, x, occupy 
the position of the fourth term in the proportion, and for the 
third term to write the number that is of the same kind as 
the required fourth term. 

The conditions given in the example are now examined to 
ascertain whether the fourth term, x, will be larger or smaller 
than the third one. If larger, the larger number of those that 
are to form the first ratio is written as its second term, and the 
remaining number is written as the first term. 

The preceding method of procedure is embodied in the 
following rule: 


Rule.—Make the unknown term, x, the fourth term of the 
proportion, and for the third term write the number that is of a 
ILT 300-12 


oa 
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similar kind. If the fourth term will be larger than the third, 
the second term must be larger than the first; or uf the fourth term 
will be smaller than the third, the second term must be smaller 
than the first. 


EXAMPLE 1.—If 7 pounds of putty costs 56 cents, what will be the 
cost of 86 pounds? 


SoLuTIon.—In this example the cost of 36 pounds of putty is the 
required term, and is, therefore, written as the fourth term, x. The other 
number of the same kind is 56 cents. So, the second ratio of the pro- 
portion must be written 56 : x. 

As 36 pounds of putty must cost more than 7 pounds, it follows that 
the term x will be larger than the third term, 56. Hence, according to 
the rule, the second term must be larger than the first. The proportion 
is, therefore, written 

7 +36=56 3x 

In this case one of the extremes is not known. Hence, by rule I, 
Art. 18, the unknown extreme, x, is equal to the product of the means 
divided by the known extreme, or 


_ 36X56 


x =288 cents, or $2.88. Ans. 

EXAMPLE 2.—The weights of two patterns, made of pine, are in the 
ratio of 2 to 3, and the iron casting made from the smaller pattern weighs 
42 pounds. What is the weight of the iron casting made from the larger 
pattern? 


SoLuTION.—The weight of the casting made from the larger pattern is 
unknown and is therefore indicated by x. The other number of the same 
kind is 42 pounds. So, the second couplet of the proportion must be 
written 42 : x. 

The example states that the weights of the patterns are as 2 : 3, and 
the weight of the casting made from the lighter pattern is 42 pounds; 
it follows that the casting made from the other pattern must be heavier. 
According to the rule, the second term must be larger than the first and 
the proportion is written 

2:3=42:% 

By rule I, Art. 18, the unknown extreme, x, is equal to the product of 

the means divided by the known extreme, or 
3X42 126 
= = 


That is, the casting. made from the larger pattern weighs 63 Ib. Ans. 


EXAMPLE 3.—The ratio of the numbers of teeth in two gear-wheels is 
as 2to5. Ifthe number of teeth in the second or larger wheel is 90, how 
many teeth are there in the smaller wheel? 
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SoLuTIon.—The unknown term, x, is here the number of teeth on the 
smaller wheel and is put down as the fourth term in the proportion. 
The other number of the same kind is 90 teeth, which is made the third 
term in the proportion. So the second ratio is written 

if 90 : x 

It is seen from the example that the term 2 refers to the unknown 
number of teeth. As 2 is smaller than 5, it follows that x must be smaller 
than 90. Hence, the second term must be smaller than the first and the 
proportion is written 


52 — 90 
By rule I, Art. 18, 
2x90 180 
= OU teeth. Ans. 


Nore.—In all problems involving fractions cancelation should be resorted to 
wherever possible so as to simplify operations. If in these and other examples 
cancelation is omitted it is for the purpose of concentrating attention on the one 
process under consideration. 


21. Arrangement and Solution of Inverse Propor- 
tions.—Many problems in proportion are so stated that the 
first and third terms in the complete proportion refer to the 
same thing. This is the case with the preceding examples. 
For instance, in the proportion given as.a solution of example 1, 
Art. 20, the first and the third terms, 7 and 56, stand for 
7 pounds of putty at a cost of 56 cents. The second and the 
fourth terms refer to the cost of 36 pounds of putty. Such 
proportions are known as direct proportions. 

But the conditions stated in the problems are not always 
such as to give proportions of this kind. Sometimes, it is 
found, on examination of the complete proportion, that the 
first and the third terms do not refer to the same thing. Such 
proportions are known as inverse proportions. It must, how- 
ever, be clearly understood that whether a proportion is direct 
or inverse does not in any way interfere with the application of 
the rule in Art. 20, as will be seen from the following examples 
in which the solution is in every case found by means of 
inverse proportion. 

EXAMPLE 1.—If 3 men can do a certain job in 20 days, how long will 
it take 12 men to do a similar job, working at the same rate? 


SoLuTion.—The unknown term is the number of days required to do 
a certain job; it is written as the fourth term. The number of a similar 
kind is 20 days, which is written as the third term. The second ratio 
of the proportion is, therefore, 20 : x. 


ad 
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It is seen from the example that the time required by 12 men must be 
less than that needed by 3 men. It follows that x must be smaller than 20. 
Hence, the second term must be smaller than the first and the first ratio 
is written 12:3. The complete proportion is 


12 :3=20: x 
3X20 
from which x —<— =65 days. Ans. 


In the complete proportion, 12 : 3=20: 5, the first and the third terms 
do not refer to the same thing; the term 12 refers to the larger number of 
men, while the term 20 refers to the number of days required by the 
smaller number of men to finish the job. It follows that the proportion 
is an inverse proportion. 

EXAMPLE 2.—A mining camp has provisions enough to sustain 120 men 
for 28 days. If the working force is increased to 210 men how long will 
the provisions last? 

So_uTION.—The unknown term is the number of days through which 
the provisions will last for 210 men; it is written as the fourth term. 
The number of a similar kind is 28 days, which is written as the third 
term. The second ratio of the proportion is, therefore, 28 : x. 

It is seen from the example that the provisions will last a shorter time 
with an increase in the number of men. It follows that x must be smaller 
than 28. According to the rule, the second term of the proportion must 
be smaller than the first. The proportion is, therefore, written 


210 : 120=28 : x 
from which according to Art. 18, 
120 X28 
o———— 
210 


EXAMPLE 3.—It requires 36 hours to fill a tank with water by means 
of a pump discharging 9 gallons per minute. If the pump is displaced 
by one that will discharge 16 gallons per minute, how long will it take to 
fill the tank? 


SoLutTion.—The unknown term is the number of hours required to fill 
the tank; it is written as the fourth term. The number of a similar kind 
is 36 hours, which is written as the third term. The second ratio of the 
proportion is, therefore, 36 : x. 

It is obvious that the time required by the pump of the greater capacity 
must be shorter than that required by the pump discharging only 9 gallons 
per minute. Hence, x must be smaller than 36. As, according to the 
rule, the second term under the circumstances must be smaller than the 
first, it follows that the proportion must be written’ 

16 :9=36:x 
_ 9X36 


from which ree = 204 hours. Ans. 


=16 days. Ans. 
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22. Denominate Numbers in Proportions.—It was 
stated in Art. 4 that the two terms of a ratio must be of the 
same denomination. Evidently, this requirement must also be 
complied with in a proportion. When the first and second 
terms are given in different denominations, they must be 
reduced to the same denomination. Also, if they are compound 
numbers, they must be reduced to the same denomination, 
either the highest or the lowest denomination mentioned in 
either term. In case the third term is a compound number it 
must be reduced to one denomination in terms of either its 
lowest or its highest denomination. The fourth term, x, will 
be in a denomination corresponding to that of the third term. 

For instance, if the first and second terms are 9 inches and 
4 feet 3 inches, respectively, the second term may be reduced 
to inches, as 4X12=48 inches; 48+3=51 inches. Or, both 
terms may be reduced to feet and fractions of a foot. Thus, 
9 inches =? foot =.75 foot, and 4 feet 3 inches=4} feet =4.25 
feet. The ratio may, therefore, have one of the following 
forms: 9:51; .75 :4.25; 2:41. 


EXAMPLE.—If a rod 9 inches long weighs 1 pound 3 ounces, what will 
be the weight of a rod of the same kind, 3 feet 7 inches long? 
SoLutTrion.—The unknown term is the weight of the longer bar, and 
the third term is the weight of the short bar. The second ratio of the 
proportion will therefore be 
dil besroz te 
As « will be greater than the third term, the second term must be 
greater than the first, and the complete porportion will be 
Qin 3 ttf in lb aSrOZs 0 
As the second term is in feet and inches, it will be reduced to inches 
to correspond with the first term; thus, 3 ft. 7 in.=43 in. The third 
term will be reduced to its lowest denomination; thus, 1 lb. 3 oz.=19 oz. 
On substituting the reduced numbers, the proportion will be 
9); 43: =19) sx 
43X19 


from which x= =90.78 0z.=5 lb. 102 oz., nearly. Ans. 
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EXAMPLES FOR PRACTICE 


1. If a pump discharging 6 gallons of water per minute can fill a 
tank in 20 hours, how long will it take a pump discharging 15 gallons 
per minute to fill it? Ans. 8 hr. 


2. If 75 pounds of lead costs $6.75, how much will 125 pounds cost at 
the same rate? Ans. $11.25 


3. The circular seam of a boiler requires 50 rivets when the pitch, or 
distance between centers of rivets, is 24 inches; how many would be 
required if the pitch were 3g inches? Ans. 40 


4. If A does a piece of work in 4 days and B does it in 7 days, how 
long will it take A to do what B does in 63 days? Ans. 36 da. 


5. If an electric car runs 12 miles in 35 minutes, how long will it 
take to run 30 miles at the same rate? 
Ans. 874 min., or 1 hr. 27 min. 30 sec. 


UNIT METHOD 


PRINCIPLE AND APPLICATION 


23. Solving Problems by the Unit Method.—Problems 
dealing with two ratios, as in proportion, may also be solved 
by what is known as the unit method. By means of this 
method it is possible also to solve problems dealing with more 
than two ratios, as will be shown in some of the succeeding 
examples. The general procedure in the unit method may be 
seen from the following example. 

It is supposed that 4 bags of cement costs $1.36 and it is 
required to find the price of 55 bags. 

Since the cost of 4 bags of cement = $1.36, 


$1.36 


the cost of 1 bag of cement = =$.34 


Therefore, the cost of 55 bags of cement = $.34 55 = $18.70. 
It is seen that the principal number in the problem, here the 
price of 4 bags of cement, is reduced to the value of a unit; 
that is, to the price of 1 bag. This unit price may then serve 
as a basis for finding the value of any other number of units 
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called for in the problem. In this example the price of 1 bag 
was multiplied by 55 to find the price of 55 bags. 


24, Inthe preceding example the price of 1 unit is actually 
calculated, but in practice this is not done. The successive 
steps, that is, the operations of multiplication and division, are 
merely indicated by the respective signs, and no multiplication 
or division is performed until the very last, as then the answer 
may be obtained more easily by cancelation. This method of 
procedure should generally be followed in all arithmetical 
calculations. ‘The following examples show the general method 
of procedure in solving problems by the unit method. 

EXAMPLE 1.—If a pump discharging 6 gallons of water per minute 


can fill a tank in 18 hours, how long will it take a pump discharging 
14 gallons per minute to fill the tank? 
SoLuTION.—The problem is solved by the unit method, as follows: 
6 gal. per min. requires 18 hr. for filling tank 
1 gal. per min. requires 6X18 hr. for filling tank 


6x18. 
Therefore, 14 gal. per min. requires as hr. for filling tank. 


6X18 
— =7$ br. Ans. 


Notr.—It is seen in this example that the time required for filling the tank at the 
rate of 1 gal. per min. is not calculated, but simply indicated by the product 618 hr. 
Evidently this time must be divided by 14 to find the time required for a rate of discharge 
of 14 gal. per min., as the time must be one-fourteenth of that required by a 1-gal. discharge, 


EXAMPLE 2.—If 4 men earn $65.80 in 7 days, how much can 14 men, 
paid at the same rate, earn in 12 days? 


SoLuTION.— 4menin7 days earn $65.80. Therefore, 1 man in 7 days 
$65.80 , 65.80 ' 
earns and 1 man in 1 day earns ar Therefore, 1 man in 
65. 12 : 
12 days earns oe and 14 men in 12 days earn 
4X7 
2 3 
14x $65.80X12 74X$65.80 X12 


=———_ = $65.80 X2.X3 = $394.80. Ans. 
4X7 4X7 : 


EXAMPLE 3.—If 3 men can dig a trench in 20 days, how long will it 
take 12 men to dig a similar trench at the same rate? 


SoLtution.—As 3 men dig a trench in 20 days, 1 man can dig it in 


20 
days=5 days. Ans, 


3 
320 days, and 12 men can dig it in 


a 
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EXAMPLE 4.—If a block of granite 8 feet long, 5 feet wide, and 3 feet 
thick weighs 7,200 pounds, what is the weight of a block of granite 12 feet 
long, 8 feet wide, and 5 feet thick? 

SoLuTion 1.—A block 8 ft. long, 5 ft. wide, and 3 ft. thick weighs 
7,200 lb. Therefore, a block 1 ft. long, 5 ft. wide, 3 ft. thick weighs 
7,200 7,200 


7 lb.; and a block 1 ft. long, 1 ft. wide, 3 ft. thick weighs 8x5 Ibs 
da block 1 ft. 1 1 ft. wide, 1 ft. thick weigh eile Lbs ah 

; ; ; : ere- 
and a bloc ong, wide, ick weig 5 Srna 
fore, a block 12 ft. long, 8 ft. wide, 5 ft. thick weighs 

4 
7,200 X 12X8X5 _ 7,200X TEXBX3 _ og 800 1s. ee 
8X5xX3 £XBX3 


SoLuTION 2.—The contents of the blocks, in cubic feet, may be com- 
pared. 


Contents of first block =8 ft. 5 ft.x3 ft.=120 cu. ft. 
Contents of second block =12 ft.x8 ft.x5 ft.=480 cu. ft. 


7,200 
If 120 cu. ft. weighs 7,200 lb., then 1 cu. ft. weighs 120 lb. 
s J 
480 x 7,20 
Therefore, 480 cu. ft. weighs a = 28,800 Ib. Ans. 


EXAMPLE 5.—If 12 horses can plow 96 acres in 6 days, how many 
horses will be required to plow 64 acres in 8 days? 

SOLUTION.—In 6 days 96 acres can be plowed by 12 horses; in 1 day 
96 acres can be plowed by 6X12 horses; and in 1 day 1 acre can be plowed 


6x12 he 
by —— horses. Therefore, in 8 days, 1 acre can be plowed Biase 


horses, it being evident that fewer horses are required to do the same 
work in 8 days than in 1 day. In 8 days 64 acres can be plowed by 


64x6x12 
pie Sa =6 horses. Ans. 
96x<8 


EXAMPLE 6.—If 7 horses require 35 bushels of oats in 20 days, for 
how many days will 96 bushels be sufficient for 18 horses? 


SoLuTION.— 365 bu. lasts 7 horses for 20 days. Therefore, 1 bu. lasts 


20 7X20 
7 horses for 35 days, and 1 bu. lasts 1 horse for 35 days. Therefore, 
96 X 7X20 
96 bu. lasts 1 horse for a days, and 96 bu. lasts 18 horses for 
96X7X20 64 


See a) FA 
ain Se 
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EXAMPLES FOR PRACTICE 


1. If one pump discharges 90,000 gallons of water in 20 hours, in 
what time will it discharge 144,000 gallons? Ans. 32 hr. 


2. If 25 men can finish a certain job in 30 days, how many days will 
be required by 35 men to do the same job? Ans. 212 da. 


3. If $63 is paid for 15 tons of coal, how much must be paid for 
27 tons? Ans. $113.40 


4. A pump making 30 strokes per minute discharges 450 gallons of 
water per minute. If the speed is reduced to 28 strokes per minute, 
what will be the discharge in gallons per minute? Ans. 420 gal. 


5. A wheel makes 248 revolutions in 5 minutes. How many revolu- 
tions will it make in 1 hour and 20 minutes? Ans. 3,968 rev. 


6. A locomotive runs 2.8 miles in 4 minutes. How far will it go 
in 1 hour? Ans. 42 mi. 


7. If 7 barrels of sugar costs $104.30, what is the cost of 42 barrels? 
Ans. $625.80 


8. If 42 yards of goods are made from 9 pounds of yarn, how many 
yards can be made from 165 pounds of a similar yarn? Ans. 770 yd. 


9. If 17 men, paid at the same rate, receive in all $357 for one week, 
what is the sum that must be paid to 24 men for 1 week, if paid at the 
same rate? Ans. $504 


10. Twelve men can do a certain piece of work in 15 days. How 
many days will be required by 36 men to do the same work? Ans. 5 da. 
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POWERS AND ROOTS 


INVOLUTION, OR FINDING POWERS OF 
NUMBERS 


PERFECT AND IMPERFECT POWERS 


DEFINITIONS AND RULES 


1. Factors.—The factors of a number are those num- 
bers which, when multiplied together, will equal that number. 
Thus, 5 and 3 are the factors of 15, since 5X3=15. 

In engineering calculations it is often found necessary to 
multiply a number by itself one or more times; thus, 55 
*5=125. In this case the number 125 consists of three equal 
factors, each of which is 5. 


2. Powers.—A product obtained from several equal fac- 
tors is called a power of the number that is used as the 
factor. The power is named according to the number of equal 
factors in the product. Thus, 9 is the second power, or 
square, of 3, as 9 is equal to the product of the two equal 
factors 3 and 3. A product is called the third power, 
or cube, of a number, if it contains three equal factors; thus, 
64 is the third power of 4, as 64 is equal to the product of the 
-three factors 4, 4, and 4, or 4X4*4=64. 


3. Squares and Cubes.—The term square is used for 
the second power of a number, because the area of a square is 
equal to the product of two equal numbers, each of which 
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represents the length of one side. Thus, the area of a square 
is equal to the second power of a number that represents the 
length of one of its sides. For example: The side of a 
square is 4 feet; its area=4X4=16 square feet. 

The term cube is used for the third power of a number, 
because the volume of a cube is equal to the product found by 
using the length of one edge three times as a factor; that is, 
its volume is equal to the third power of a number represent- 
ing the length of one of its edges. For example, the edge 
of a cube is 5 inches; its volume is 5X5X5=125 cubic inches. 


4, Involution.—The process of finding powers of quan- 
tities is called involution. The term raise is generally used 
in connection with this process. Thus, it is said that 7 is 
raised to the third power by using it as a factor three times, 


or 7X7X7= 343. 


5. Exponents.—lIt is not sufficient to say that a power 
of a given number is to be found; one must also know which 
power is required, whether it is to be the second, the third, etc. 
For the purpose of indicating the required power of a number, 
a small number, called an exponent, is written to the right 
and near the top of the number. This number indicates the 
power to which a quantity is to be raised, or the number of 
times the quantity is to be used as a factor. Thus, in the 
expression 3°, the number ° is the exponent, and shows that 
3 is to be used as a factor six times, or that 3° is a contraction of 

IAINIP I OGIO 

When an exponent is attached to a number it is read as in 
the following examples: 

4X4 is written 4°, and is read four square, or four 
exponent two; 

5X5X5 is written 5%, and is read five cube, or five 
exponent three; 

8X8X8xX8 is written 8‘, and is read eight to the fourth 
power, or eighi exponent four. 

6. Use of Parenthesis.—When several numbers are con- 


nected by any of the arithmetical signs and the result is to be 
raised to a given power, the numbers must be written inside a 
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parenthesis and the exponent outside it, as in the following 
example: (2+5)?=7?=49. Without the parenthesis the 
result would be: 2+5?=2+25=27. 

The same rule applies if a.fraction is to be raised to a given 
power. For instance, if the square of 2? is to be found, it 
must be written (?)?. By omitting the parenthesis it will 
appear as if the exponent refers to the numerator alone, instead 
of applying to the numerator and the denominator. The 
effect produced by omitting the parenthesis may be seen from 

na S\kcrror sO 
the following example: (;) =P -i¢ 
thesis, the result is Ss 
é 4 4 

7. Perfect and Imperfect Powers.—There are com- 
paratively few numbers that can be separated into equal fac- 
tors; these numbers are called perfect powers. ‘Thus, 16 is 
a perfect power of 4, because 16=4%X4; 216 is a perfect power 
of 6, because 216=6X6X6. Numbers that cannot be 
separated into exactly equal factors are called imperfect 


Omitting the paren- 


TABLE I 
PERFECT SQUARES AND CUBES 


n® | n n? | n® 


n | n* 

it 1 1 6 36 216 
Z 4 8 i 49 343 
3 9 Di 8 64 BZ 
4 16 64 9 81 729 
5 25 125 10 100 1,000 


powers. Thus, 10, 12, 15, and 20 are imperfect powers, 
because none of them is the product of equal factors. In the 
numbers from 1 to 1,000, inclusive, there are only 50 perfect 
powers, not counting 1, and of these only 30 are perfect 
squares and 9 perfect cubes. 

Table I contains the squares and cubes of numbers from 
1 to 10, inclusive. The column of numbers is headed by 
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the letter , which is an abbreviation of the term number. The 
squares and cubes of the numbers found in the first and 
fourth columns are given in the other columns, headed by 
n? and n°, respectively. Thus, the square of 8 is 64 and the 
cube of 5 is 125. 


8. Rule for Raising a Number to Any Power.—To 
find any power of a number, the following rule should be used: 


Rule.—I. To raise a whole number or a decimal to any 
power, use the number as a factor as many times as the power 
requires or as the exponent indicates. 


II. To raise a fraction to any power, use the numerator 
and the denominator as factors as many times as the power 
requires or as the exponent indicates, and write these products 
as numerator and denominator, respectively. 


Examee 1.—What is the third power, or cube, of 35? 
Sotution.—From Art. 8, the expression cube of a number is equiva- 
lent to the number with 3 as an exponent. Applying the rule, 35°=35 
X35X35, or 
3D 
Sip) 


175 
105 


1225 
35 


6125 
3675 


cube=4.2,875 Ans. 


Examp Le 2.—What is the value of 1.27? 


Sotution.—According to the rule, the number must be used as a 
factor the number of times indicated by the exponent, 2. Hence, 
1.2°=1.2X1.2=1.44. Ans. 


ExampLe 3.—What is the value of (8)?? 


SoLution.—The exponent is 2, so the numerator and the denominator 
must each be used twice as a factor. Then, 
“/5\2 5 5X5 25 

(2) Sh execu OP 
ExaAmpie 4,—What is the fourth power of 15? 
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Sotution.—From Art. 5, the fourth power of 15 is equivalent to 
15*.. Applying the rule, 15*=151515X15, or 


1D 


fourth power=50,625 Ans, 


Exampie 5.—What is the cube of .12? 


Sotution.—The cube is found by using the number three times as a 
factor; therefore, the cube of .12 is 


12% .12X .12=.001728. Ans. 


EXAMPLES FOR PRACTICE 


Raise the following to the powers indicated: 


(a) 85’. (a). 27,225 
(b) (48) (b) 444 
CONT Ope (c) 42.25 
(d) i4% (d) 38,416 
(ec) (D* eon ei eyeeee ts 
(f) (®% (f) $28 
(9) (B% (g) 242 
(h) 14°, (h) 5.37824 
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EVOLUTION, OR FINDING ROOTS OF 
NUMBERS 


SQUARE ROOT 


DEFINITIONS 


9. Roots of Numbers.—lIt was stated in Art. 2 that the 
product obtained from a number of equal factors is called a 
power of the number. If the process is reversed and the num- 
ber of equal factors into which a number may be separated is 
found, then any one of these factors is known as the root 
of the number. For instance, if the number 27 is divided into 
the three factors 3, 3, and 3, then any one of these factors is 
known as a root of this number, as 27=3X3X3. This process 
of finding a root of a number is known as evolution; 
it is the reverse of involution. The term extract is generally 
used in connection with this process, and it is said that the 
root of the number is extracted. 


10. Classification of Roots.—If a number is separated 
into two equal factors, one of these factors is known as the 
square root of the number. Thus, if 25 is separated into 
two equal factors 5 and 5, then 5 is the square root of 25, 
because 5X5=25. The square root of 49 is 7, because 
7X7=49; the square root of 1.21 is 1.1, because 1.1X1.1=1.21. 

If a number is separated into three equal factors, one of the 
factors is known as the cube root of the number. Thus, 
3 is the cube root of 27, since 3X3X3=27. 

The fourth root of a number is one of the four equal 
factors into which the number may be separated. Thus, the 
fourth root of 256 is 4, because 4X4X4X4=256. 

The fifth root of a number is one of the five equal factors 
into which the number may be separated. Thus, 7 is the fifth 
root of 16,807, since 7X7X7X7X7= 16,807. 
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11. Derivation of Terms Square Root and Cube 
Root.—The terms square and cube, when applied to roots, are 
derived from the same source as similar terms applied to 
powers of numbers. Reversing the conditions stated in 
Art. 3, it follows that, if a number represents the area of a 
square, the square root of the number must be equal to the 
length of one side of the square. For instance, if the area of 
a square floor is 81 square yards, the square root of 81, or 9, 
represents, in yards, the length of one side of the room. 

If a given number represents the contents of a cube, the 
cube root of the number must give the length of one of the 
edges. Thus, if the contents of a cubical box is 27 cubic feet, 
the cube root of the number, or 3, gives the length of one of 
the edges, in feet. 


12. Radical Sign.—The fact that the root of a number 
is to be extracted is usually indicated by placing the radical 
sign 4 in front of it. The term radical is derived from the 
Latin word radix, meaning root. A vinculum™~ ~ is connected 
with the radical sign and placed over the quantity to which 
the radical sign applies. Thus, ~4,574,300 indicates that the 
root of the number following the radical sign is to be extracted. 


13. Index.—Although the radical sign shows that a root 
is to be extracted, it must also show what root is required, 
and for this purpose an index is used. This is a small figure 
placed above the radical sign; thus, 4100 indicates the square 


root of 100, and “41,728 indicates the cube root of 1,728. How- 
ever, when the square root of a number is to be extracted, the 


index is usually omitted. Thus, V81 means the square root of 
81; also, V22.48 means the square root of 22.48. 


ILT 30-13 4 
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CALCULATION OF SQUARE ROOT 


SQUARE ROOTS OF WHOLE NUMBERS AND OF DECIMALS 


14. Introduction.—In calculating, or extracting, the 
square root of a number, it is necessary to perform a number 
of separate operations in a certain order. If the nature of each 
operation is kept in mind and if the operations are performed 
successively in the correct order, the process of extracting a 
square root should not offer any particular difficulties. 

To facilitate the first part of the calculation, it is well to 
memorize the squares of the first twelve integers, or whole 
numbers, given herewith. The first line gives the numbers 
and the second line the corresponding squares. 


Intevers 21 )2.1358 4 5iaiG, eS, Soe lisa ize 
Squares: 1, 4, 9, 16, 25, 36, 49, 64, 81, 100, 121, 144 


15. Example of Extracting Square Root.—The 
method of finding the square root can best be explained by 
using an actual example and describing each step of the work. 
The first step is to point off, or separate, the number into 
periods, or parts, each containing two figures. Thus, suppose 
the square root of the whole number 31,505,769 is to be 
extracted. Ignore the commas that are used to divide the num- 
ber and write it without them, thus: 31505769. Now, begin- 
ning at the right-hand figure, point off, or separate, the number 
into periods of two figures each, proceeding toward the left 
and using the mark’ to separate the periods. The number will 
then appear as follows: 31750’57’69. In case the whole num- 
ber contains an odd number of figures, there will be only one 
figure in the period at the left. For instance, take the number 
53,361. When this is pointed off it becomes 5’33’61, in which 
there are three periods. Here the 5 forms the first period, even 
though it consists of only one figure. 

The reason for thus pointing off the number is to find out 
how many figures there will be in the root of the number. It 
is always true that the number of figures in the root is equal 
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to the number of periods into which the number is divided. 
Thus, as 31’50’57’69 contains four periods, it is known at once, 
before any calculations are made, that there will be four figures 
in the square root of that number. Similarly, as 5/33/61 has 
three periods, the square root must contain three figures; and 
this is the case, as the square root of 53,361 is 231. After the 
number has been properly pointed off, the square root is 
extracted in the manner shown in the following example: 


ExampLe.—Extract the square root of 31,505,769. 


SoLutTION.— 
steps number root 
(a) 5 3 150'5 7'69(5613 
20 52=2 5 
first trial divisor 100 650 ~~ first dividend 
6 636 
first complete divisor 106 1457 — second dividena 
(b) 56 17 1 
20 - 33669 third dividend 
second trial divisor 1120 33669 
1 
second complete divisor 1121 
(Ce) Bait 
20 
third trial divisor 11220 
3 


third complete divisor 11223 


EXpLANATION.—Beginning at the right, the number 31,505,769 is 
pointed off into periods of two figures each, as already explained. The 
largest single number whose square is less than 31, the first period, is 
now found. This is evidently 5, since the square of 6, or 36, is greater 
than 31. This number, 5, is written to the right of the number, as in 
long division; it is also written to the left, as at (a). The square of 
this first figure of the root, or 5°=25, is written under the first period, 
as shown, and is subtracted from it, leaving 6 as a remainder. The 
second period of the number is annexed to this remainder, giving 650 
as the first dividend. 

The first figure of the root, written at (a), is now multiplied by 20, 
giving a product 100, which is called the first trial divisor. The first 
dividend, 650, is now divided by this first trial divisor, 100, and the 
quotient 6 is obtained, which is probably the second figure of the root. 
This figure is written in the root, as shown, and is also added to 100, the 
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first trial divisor, giving the sum 106, which is called the first complete 
divisor. 

The first complete divisor, 106, is multiplied by 6, the second figure 
in the root, giving the product 636, which is subtracted from the first 
dividend; the remainder is 14, to which the two figures, 57, in the third 
period of the number are annexed, giving 1457 as the second dividend. 
The two figures of the root, 56, are now written at (b) and multiplied 
by 20, thus giving 1120, which is the second trial divisor. Dividing 
1457 by the second trial divisor, 1120, the quotient 1 is obtained as the 
third figure of the root. Adding this figure to the second trial divisor, 
the result is 1121, which is the second complete divisor. Multiply- 
ing this divisor by 1, the third figure in the root, gives the product 1121, 
which is written under the second dividend, 1457. Then, subtracting 
it from the second dividend, the remainder is 336, to which the fourth 
period, 69, of the number is annexed, giving 33669 as the third 
dividend. 

The three figures 561 in the root are now placed at (c) and multi- 
plied by 20, giving the product 11220, which is the third trial divisor. 
Dividing 33669 by the third trial divisor, 11220, the quotient, 3, is 
obtained as the fourth figure of the root. Adding this figure to 11220, 
the result is 11223, the third complete divisor. Multiplying this 
divisor by 3, the fourth figure of the root, the product is 33669, which 
is written under the third dividend and subtracted from it, leaving no 
remainder. It follows that ~+/31,505,769=5,613, and that 31,505,769=5,613 
X5,613. 


16. Choosing Figures for the Root.—In the pre- 
ceding explanation, where reference was made to finding the 
second figure, 6, of the root, the statement was made that 
probably the figure 6 would be the one required. The word 
probably is used here, because the various figures that are 
successively selected for the root are, at first, only trial figures. 
There can be no certainty that each of these figures will be 
the correct one, and not too large, until it is multiplied by the 
corresponding complete divisor, thus allowing the resulting 
product to be compared with the dividend. Referring to the 
foregoing example, it is not certain that 6, the second figure 
in the root, is correct, before it has been multiplied by the 
first complete divisor, 106, and the product found to be not 
greater than the first dividend, 650. In this case the product 
636 is less than 650; but, suppose that the first dividend were 
620, as in the example that follows. The product 636 would 
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be too large, thus indicating that the figure 6 in the root is too 
large. It would then be necessary to substitute, in place of 
the 6, the figure 5 as the Second figure in the root. The remain- 
ing part of the solution is simply a repetition of that already 
described. 


root 


(a) 3) 3 12 03.3996 (5586 
20 5*=25 
first trial divisor 100 620 first dividend 
5 525 
first complete divisor 105 ORGS ‘Second Gividend 
@)y, 88 8864 
20 66996 third dividend 
second trial divisor 1100 66996 
8 
second complete divisor 1108 
C5518 
20 


third trial divisor 11160 


an 


third complete divisor 111 66 


17. Main Features of Extracting Square Root.—In 
order that the main features of calculating a square root may 
be remembered, it should be noted that the various trial 
divisors are obtained by multiplying the existing figures in the 
root by 20. Thus, the first figure in the root multiplied by 
20 gives the first trial divisor; the first two figures of the root 
multiplied by 20 gives the second trial divisor, and so forth. 
Considering this feature as the framework of the process, 
the remainder will easily be remembered. 


18. Method of Procedure When Trial Divisor is 
Larger Than Its Dividend.—Sometimes, in extracting a 
root, it may happen that a trial divisor is larger than the corre- 
sponding dividend. In such a case the method adopted is 
similar to that used in long division; that is, a cipher is annexed 
to the root and to the trial divisor and the next period is 
annexed to the last remainder to form a new dividend, larger 
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than the new trial divisor. The following example shows how 
to proceed: 
ExampLre.—Find the square root of 255,025. 


SoLuUTION.— 
root 
(a) 5 25'50'25(505 
20 5%=25 
first trial divisor 100 5025 second dividend 
second trial divisor 1000 BM AS) 
5 


second complete divisor 1005 


ExpLanation.—A fter the number is separated into periods, it is seen 
that the root of the first period must be 5. This figure is written to the 
right of the given number and also at (a). The square of 5, or 25, is 
subtracted from the first period, leaving no remainder. The second 
period, 50, is brought down as the first dividend and the number 5 at 
(a) is multiplied by 20, giving 100 as the first trial divisor. As this trial 
divisor, 100, is not contained even once in the first dividend, 50, a 
cipher is annexed to the root and to the divisor, making the root 50 and 
the new, or second, trial divisor 1000. The third period of the num- 
ber, 25, is now brought down and annexed to the remainder 50, making 
5025, which is the second dividend. Dividing by the second divisor, 
1000, the quotient, 5, is placed as the last figure of the root. Adding 
5 to 1000 gives 1005 as the second complete divisor. Multiplying by 
5 gives 5025, which is equal to the second dividend; hence, there will 
be no remainder. 

In ordinary practice, instead of writing a separate second trial 
divisor, as in this example, the cipher would be annexed directly to the 
first trial divisor. Thus, a cipher could have been annexed to the first 
trial divisor, 100, giving the second trial divisor, 1000. 


19. Extracting Square Roots of Decimals.—The 
square of any number, wholly decimal, always contains twice 
as many decimal places as the number squared. For example, 
1?=.01, .13?=.0169, .7512=.564001, etc. Conversely, it fol- 
lows that the square root of a decimal contains only one half 
the number of decimal places found in the decimal itself. 


Thus, ¥12.723489 = 3.567. If the decimal contains an uneven 
number of figures, a cipher must be annexed to give an even 
number, as will now be explained. 

When the square root of a decimal is to be extracted, the 
decimal is pointed off into periods of two figures each, begin- 
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ning at the decimal point and going to the right. Then, if 
the last period contains but one figure, a cipher is annexed to 
complete the period. Thus, the decimal .62371 is pointed off 
as follows: .62/37/10. Annexing ciphers to the right of a 
decimal does not change its value, as was explained in a pre- 
ceding Section. 

If the decimal is a portion of a mixed number, as 142.716, 
the whole-number part is pointed off to the left and the decimal 
part to the right, beginning at the decimal point in both cases, 
and considering the decimal point as a mark of separation. 
Thus, the number 142.716 is pointed off as follows: 1/42.71'60. 

The operation of finding the square root in all these cases is 
similar to that previously described, except that when the 
decimal point is reached, a decimal point is placed in the 
answer. ‘There will be as many decimal places in the root as 
there are periods in the decimal part of the number. 


20. The following examples will show the method of 
extracting roots of decimals: 


Examp_e 1.—Find the square root of 606.6369. 


SoLuTION.— 
root 
Ze 6'0 6.6 369( 24.63 
20 24 
first trial divisor 40 206 first dividend 
4 176 
first complete divisor 44 3063 second dividend 
2916 
24 ae ate haf el 
20 14769 third dividend 


— 14769 
second trial divisor 480 


second complete divisor 486 


third trial divisor 4920 


third complete divisor 4423 
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ExampLe 2.—What is the square root of .000576? 


SoLuTIOoN.— 
root 
2 .00'05'7 6(.024 
20 = 4 
trial divisor 40 176 
4 176 


complete divisor 44 


ExpLaNnATION.—Beginning at the decimal point and separating the 
decimal into periods of two figures each, it is seen that the first period 
is composed of ciphers; hence, the first figure in the root must be a 
cipher. The decimal is now treated as if 5 were the first figure and 
the calculation is continued in the manner previously explained. 


21. Perfect and Imperfect Powers.—Comparatively 
few numbers are exact squares; consequently, it is only in a 
small number of cases that the exact square root can be found. 
A number that has an exact root is called a perfect power; 
in the case of an exact square root the number from which it is 
extracted is termed a perfect square. The factors of the 
perfect powers are called rational factors. An exact square 
root of a number represents one of the two equal rational 
factors into which it is possible to separate the perfect square. 
For instance, ¥81=9, and 9X9=81 ; hence, the two numbers 9 
are rational factors. 

Numbers that cannot be separated into exactly equal fac- 
tors are called imperfect powers, and the factors are 
called irrational factors. Any number, that cannot be 
divided into as many rational factors as there are units in the 
index of the root, will have a root with an unending decimal. 
For example, 20 lies between 16 (=4?) and 25 (=5?) ; hence, 


the square root of 20, or 420, is greater than 4 and less 
than 5, and is therefore equal to 4 plus an unending decimal. 
In other words, no matter to how many figures the square root 
of 20 may be calculated, the root will never be found exactly. 
Numbers ending in 2, 3, 7, or 8 are imperfect squares. 


22, Extracting Root of Imperfect Power.—Although 
the square root of an imperfect power cannot be found exactly, 
as close an approximation may be obtained as is desired. The 
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root may be carried to any required number of decimal places 
by annexing periods of two,ciphers each to the number. In 
practice, five significant ‘figures are all that are likely to be 
required, and four are generally sufficient. 

ExampLe 1—What is the square root of 3? Find the result to five 
decimal places. 


root 


il i 
20 3.000 00 00000 ( 1.73205+ 


nal 
20 as 
7 200 first dividend 
ie: Fas 189 
first divisor 27 ses 
7 1100 second dividend 
17 1029 
20 ——— 
—-— 7100 third dividend 
ee 6924 
— = 1760000 fifth dividend 
second divisor 343 1732025 
173 “87975 
20 
3460 
2 
third divisor 3462 
1762 
ZAQ 
346400 
5 


fifth divisor 346405 


ExpLANnation.—As five decimal places are required, it is necessary to 
annex five periods of ciphers to the right of the decimal point. The 
method employed in extracting the square root is the same as explained 
in the preceding examples. Attention is called only to the omission of 
the fourth divisor and dividend. After the fourth period is annexed 
to the remainder, 176, making the fourth dividend 17600, it is found 
that this dividend does not contain the divisor 34640. A cipher is 
therefore placed as the next figure in the root and a cipher annexed to 
the divisor, changing it into a fifth trial divisor. Another period of 
two ciphers is now annexed to the fourth dividend, changing it into a 
fifth dividend, and the calculation is continued, 5 being obtained as the 
next figure of the root. The required five decimal places have now 
been obtained and the operatier could stop at this point; but in the 
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case of an unending decimal, it is advisable to continue the operation 
one decimal place further, to ascertain whether the next figure in the 
decimal is 5 or greater. If so, the fifth figure is increased by 1. It 
will be found that the next figure is a cipher; hence the figure 5 will 
remain. The square root of 3 is, then, 1.73205-+-. 

Proor.—To prove the square root, it is squared. If the number is 
an exact square, the square of the root will equal it; if it is not an exact 
square, the square of the root, plus the remainder, will equal it. 


Examp.e 2.—What is the square root of .3 to five decimal places? 


SoLutiIion— 5 3000000000 (.547722 
20 25 
100 500 
4 416 
104 8400 
54 7609 
20 79100 
1080 76629 
7 247100 
1087 Ghd 
2801600 
a eels 2190884 
20 — = 
610716 
10940 
i 
10947 
As, 
20 
109540 
2 
109542 
Leh ee 
20 
1095440 
2 
1095442 


EXpLANATION.—In this example a cipher is annexed to .3, making 
the first period .30, since every period in a decimal, as was mentioned in 
Art. 19, must have two figures in it. The operation is carried on to 
six decimal places, to find out whether the sixth figure is greater than 5. 
It is seen that the sixth figure is 2; hence, the preceding figure is not 
altered, and the square root of .3 is .54772+ to five decimal places. 
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23. Abbreviated Method of Extracting Square 
Root.—When some proficiency is gained in extracting square 
root, it is possible to perform a portion of the calculation 
mentally. The preceding solution may then be found as 
follows: 


3 0000 00 000 (.54772 
25 
‘100 500 
complete divisor 104 416 
1080 8400 
complete divisor 1087 7609 
10940 79100 
complete divisor 10947 76629 
109540 247100 
complete divisor 109542 219084 
28016 


ExpLaANATION.—The first figure, 5, in the root is squared, as before, 
and subtracted from 30. The figure 5 in the root is now mentally 
multiplied by 20 and the product, 100, is written to the left, as before. 
The next figure in the root, or 4, is mentally added to 100 and the sum, 
104, is multiplied by 4; the product 416 is subtracted from 500, leaving 
84. The next period is brought down and the two figures 54 in the 
root are mentally multiplied by 20; the product, 1080, is written in the 
usual place. Mentally, the quotient 7 is added to 1080 and the sum, 
1087, multiplied by 7. The product, 7609, is subtracted. The calculation 
is continued in this manner until the required number of figures is 
obtained in the root. After long practice it is possible to omit the 
writing of products, such as 100, 1080, etc., used to obtain trial divisors 
and simply write the divisors, as 104, 1087, etc. 


24. Rule for Extracting Square Root.—The instruc- 
tions given in the preceding explanations have been collected 
and combined in the form of a rule, as follows: 


Ruie.—To extract the square root of a number, first point 
off, or separate, the number into periods of two figures each, 
commencing at the right; or, if the number contains a decimal, 
begin at the decimal point and separate the number on either 
side into periods. 

Find the largest number whose square is contained in the 
first, or left-hand, period and’ write this number as the. first 
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figure of the root. Write its square under the first period 
and subtract. To the remainder annex the next period for a 
first dividend. 

Place the first figure of the root also to the left of the given 
number; multiply this figure by 20, and use the product as the 
first trial divisor. 

Divide the dividend by the divisor for the second figure in the 
root and add this figure to the trial divisor to form the complete 
divisor. Multiply the ‘atter by the second figure of the root 
and subtract the product from the dividend. (If this product 
is larger than the dividend, a smaller number must be tried for 
the second figure of the root.) 

Bring down the third period and annex it to the last remain- 
der. Place the first two figures of the root to the left of the 
given number and multiply them by 20; the product is the 
second trial divisor. 

Continue in this manner to the last period. Should any addi- 
tional places in the root be required, annex cipher periods of 
two figures each to the remainders and continue the operation. 

If at any time a trial divisor ts larger than the corresponding 
dividend, place a cipher in the root, annex a cipher to the trial 
divisor, and bring down another period. 

If the root is an unending decimal and it is desired to 
terminate the operation at some point, as the fourth decimal 
place, continue the operation to one place further, and if the 
fifth figure is 5 or greater, increase the fourth figure by r. 


EXAMPLES FOR PRACTICE 


Find the square root of: 


(a) 186,624 (a) 432 

(b) 2,050,624 (b) 1,432 
(c) 20,855,296 (c) 5,464 
(d) .0116964 to five decimal places ; (d) .10815 
(2) 198.1369 to four decimal places "8-1 (¢) 14.0761 
(f) 994,009 (f) 997 

(g) 2.375 to four decimal places (g) 1.5411 


(h) .571428 to five decimal places (h)  .75593 
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SQUARE ROOTS OF FRACTIONS 


25. Rule for Extraction.—If the given number is in 
the form of a fraction, and it is required to find the square 
root of it, the simplest and most exact method is to reduce 
the fraction to a decimal and extract the square root of the 
decimal. If, however, the numerator and denominator of 
the fraction are perfect squares, extract the square root of 
each separately, and write the root of the numerator for a 
new numerator, and the root of the denominator for a new 
denominator. 


Rule.—Evtract the square root of the numerator and 
denominator separately; or, reduce the fraction to a decimal, 
and extract the square root of the decimal. 


Examp.Le 1—What is the square root of &? 

Sotution.—Applying the rule, the roots of the numerator and the 
denominator are extracted separately, giving 3 and 8, respectively, as 
the numerator and denominator in the new fraction. Thus, 


Greet SO 
nO eae 
A “Gi z. Ans. 
ExampLe 2.—What is the square root of $? 


So_tution.—Reduce the fraction to a decimal; thus, §=.625. Then 
the square root of % is the square root of .625. 


+/.625=.79057. Ans. 


EXAMPLES FOR PRACTICE 


Find the square root of: 


(a) x (a) ¥ 
(b) ts aon: (b) 2 

(c) #to five decimal places “) (c) .86603 
(d) +5; to four decimal places (d) .6455 
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APPLICATIONS OF SQUARES AND SQUARE 
ROOTS 


INTRODUCTION 


26. Plane Surfaces.—The process of finding the square 
root of a number is very useful in many varieties of calcula- 
tions, as, for example, in finding certain dimensions of squares, 
triangles, circles, and other surfaces, when their areas are 

_ given. Before entering into a description 


| ae TI" of the methods to be applied for these 
purposes, it is necessary to give a short 
description of the principal properties of 


these surfaces. 

The following definitions refer only to 
A B plane surfaces: A plane surface is one 
a on which straight lines drawn in any direc- 
tion lie wholly in the surface. For instance, the surface 
of a table is a plane surface. A plane figure is a plane 
surface bounded by straight or curved lines. A polygon is a 
plane figure bounded by any number of straight lines. Squares 

and rectangles, Art. 27, and tri- 


angles, Art. 28, are examples of . 
polygons. The area of a plane fig- 
ure is the number of square units 
included within its boundary lines. 
27. Squares and Rec- 
A B 


tangles.—A square, Fig. 1, is a 
plane figure bounded by four 
straight lines 4B, BC, CD, and DA of equal lengths, the 
adjacent lines being at right angles to each other. 

A rectangle, Fig. 2, is a plane figure bounded by four 
straight lines, the adjacent lines being at right angles to each 
other. Only opposite sides are of equal lengths; thus, 
AB=CD,and AD=CB. 


28. Triangles.—A triangle, Fig. 3, is a plane figure 
bounded by three straight lines. A right-angled triangle, 


Fic. 2 
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Fig. 4, also known as a right triangle, is a triangle that has 

one right angle. The side opposite the right angle is known as 

the hypotenuse, and is the longest one of the 

three sides. The base is the side on which 

the triangle is shown to rest. In the right 

triangle, Fig. 4, the right angle is at Cand A B 

is the hypotenuse. The side A C is the base, as 

the triangle is shown resting on this side. 

The shortest distance between the base and the Exc, 

point at which the other sides meet is known as the altitude 

of atriangle. In Fig. 4 the side B C is also the altitude, as B C 

is the shortest distance from the side AC to the point B at 

which the sides 4 B and BC meet. If one of the two sides 

that form the right angle serves as a base, the other side is the 
altitude. Thus, if BC is the base, A C is 

B the altitude. 


29. Dividing Surfaces Into Tri- 
_ angles.—A straight line drawn between 
opposite corners of a square or a rectangle 
is known as a diagonal. In Figs. 1 
and 2 the lines 4 C and BD are diagonals. Each diagonal 
divides the square and rectangle into two equal right triangles. 
For instance, in Figs. 1 and 2, the diagonal A C separates each 
figure into the two triangles 4 B C and C D A, and the diagonal 
B D in each produces the triangles BC D and DAB. When 
some of the dimensions of rectangles are to be obtained, it often 
simplifies the calculations to consider the rectangle as composed 
of two equal right triangles and to cal- 
culate the dimensions of one of these, ac- 
cording to the rules given farther on. 


Fie. 4 


Norte.—In practice, when referring to the 
diagonal of a square, this dimension is some- 
times called the width across corners. 


30. Circles.—A circle, Fig. 5, is a 
plane figure bounded by a curved line 
called the circumference. A diameter is a line passing 
through the center and terminating at the circumference, as 4 B. 


q?° 


Bre. 
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CALCULATIONS RELATING TO PLANE SURFACES 


31. Finding Side of a Square.—It was shown in 
Art. 3 that the area of a square is equal to the second power, 
or square, of the number representing one of its sides. It 
follows that, if the area of the square is given, the length of 
one side is found by reversing the process; that is, by extract- 
ing the square root of tha number that represents the area of the 
square. In examples of this class the following rule is applied: 


Rule.—To find the length of one side of a square of a given 
area, extract the square root of the area. 


ExampLe—tThe area of a square is 1,764 square inches. What is 
the length of one side of the square? 


So.ution,—Applying the rule, the sideis equalto -1,764=42in. Ans. 


32. Principle of Right Triangle.—li a square is con- 
structed on each of the three sides of a right triangle, as on 
A BC, Fig. 6, it can be shown 


ES that the area of the square 
a ere. erected on the hypotenuse 


as LITT ge eee PN ° » 
ABP. LOPES @>H AC is equal to the combined 


RON Oo SxS? areas of the squares erected on 
7 oy the sides 4 B and BC. For 
vc instance, let it be assumed that 

ce a Se tel the sides 4B, BC, and AC 


16) 71819 110) are 3, 4, and 5 inches long, re- 


1} 72) 13:14, 115 spectively. If the side A B is 


'16}17| 18119 20! Sore 
116, 17; 18119 divided into three parts, each 


2122) 28128 25) 1 inch long, and the square 
D “E S? qd 
Fie. 6 ABI K is erected on AB, as 
one of its sides, the square will contain 9 equal squares, or 
9 square inches. Similarly, the square BC HF on the side 
B C will contain 16 square inches, and the square A C E D will 
contain 25 square inches, as shown. But, 9+16=25. 

It was stated in Art. 3 that the area of a square is equal to 
the square of the number representing the length of one side. 
The principle illustrated in Fig. 6 may therefore be stated in 
the following two forms: 
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I. The square of the hypotenuse of a right triangle is equal 
to the sum of the squares of the two sides. 


II. In a right triangle, the square of one of the sides ts 
equal to the square of the hypotenuse minus the square of the 
other side. 


On these statements are based the following rules: 


Rule I.—To find the hypotenuse of a right triangle, square 
the length of each side, add the squares, and take the square 
root of the sum, 


Rule II.—To find the length of either side of a right 
triangle, square the length of the hypotenuse, subtract from it 
the square of the length of the known side, and take the square 
root of the remainder. 


33. Calculating Sides of Right Triangles.—The 
application of the rules in Art, 32 for finding the sides and 
the hypotenuse of a right triangle is shown in the following 
examples : 

Examp.e 1.—The sides A C and CB, Fig. 4, are 8 and 6 inches long, 
respectively. What is the length of the hypotenuse A B? 


So_ution.—By rule I, the lengths of the sides are squared. Thus, 
8’=64, and 6’=36, and 64+36=100; then, extract the square root, 


y) 100=10. Therefore, 4 B=10 in. Ans. 


ExampLe 2.—If it is assumed that the hypotenuse A B, Fig. 4, is 
25 inches long, and that the side AC measures 20 inches, what is the 
length of the side BC? 

Sotution.—By rule II, the square of the length of A B is 25°=625, 
and the square of the length of AC is 20°=400. 625—400=225; then, 
the square root is ¥225=15. Therefore, BC=15 in. Ans. 


EXxaMpLe 3.—In a right triangle the hypotenuse is 12 inches long and 
one side is 4 inches long. What is the length of the other side? 

So_ution.—By rule II, the square of the length of the hypotenuse is 
12°=144, and the square of the length of the known side is 4=16. 
Then 144—16=128; and, +~128=11.31. Therefore, the length of the 
unknown side is 11.31 in. Ans. 


Examp.te 4.—A ladder is leaning against the side of a house with 
its lower end 8 feet from the side. If the upper end of the ladder is 
35 feet above the ground, what is the length of the ladder? 
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Sotution.—The ladder may in this case be considered as the hypot- 
enuse of a right triangle in which the sides are 8 ft. and 35 ft. long, 
respectively. By rule I, the lengths of the sides are squared. Thus. 


35°=1,225 and 8°=64, and 1,225+64=1,289. Then -1,289=35.9. There- 
fore, the length of the ladder is 35.9 ft. Ans. 


34. Finding Diameter of a Circle.—The ratio of the 
circumference of a circle to its diameter is as 3.1416 to 1. 
Then if the diameter of a circle is known, its circumference 
can be found by multiplying the diameter by 3.1416. 

The area of a circle is equal to the product 3.1416 
x (diameter)? _ 


m2 = 3.1416 X = .7854 X (diameter)*. 


Or, the area of a circle is equal to the product obtained by 
multiplying .7854 by the square of the diameter. Conversely, 
if the area of a circle is known the diameter may be found by 
applying the following rule: 


(diameter )* _ 


Rule.—To find the diameter of a circle whose area is known, 
divide the area by .7854 and extract the square root of the 
quotient. 

Examp.Le 1.—The area of a circle is 38.4846 square inches. What is 
its diameter? 


Sotutrion.—According to the rule, the value of the area, or 38.4846, is 
divided by .7854 and the square root of the quotient is extracted. Or, 


38.4846 
Nex 7854 verso 


Therefore, the diameter is 7 in. Ans. 


ExAMpPLe 2.—What is the diameter of a circle whose area is 1.7671 
square feet? 


SoLution.—According to the rule, the diameter is 


The diameter of the circle is 1.5 ft, or 14 ft. Ans. 


EXAMPLES FOR PRACTICE 


1. What must be the length of a ladder to reach to the top of a 
wall 40 feet high, if the foot of the ladder is 9 feet from the wall? 
Ans. 41 ft. 
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2. 5,776 barrels standing on end are to be arranged in the form of 
a square. How many barrels will there be on each side of this square? 
Ans. 76 bbl. 


3. Two vessels sail from the same port. At a given time one vessel 
is at a distance of 360 miles due north from the port; the other is at a 
distance of 450 miles due east from the port. What is the distance 
between the two vessels? Ans. 576.28 mi. 


4. The floor of a room is 24 feet long and 18 feet wide; what is 
the length of the diagonal? Ans. 30 ft. 


5. A light rope, drawn from the top of a flag pole to a point at a 
distance of 43 feet from the center of the pole support and at the same 
level as its base, is 110 feet long; what is the height of the pole? 

Ans. 101.2 ft. 


6. The opening of a safety valve on a steam boiler has an area of 
12.566 square inches. What is the diameter of the opening? Ans. 4 in. 


7. The base of a right triangle, as in Fig. 4, is 20 feet, and the alti- 
tude is 18 feet; what is the length of the hypotenuse? Ans. 26.9 ft. 


8. The square nut for a bolt is 3§ inches on each side. What is 
the width across corners? Ans. 4.42 in, 


9. A circular plate of brass has an area of 100 square inches. 
What is its diameter? Ans. 11.28 in. 


MENSURATION 


LINES, SURFACES, AND SOLIDS 


LINES AND ANGLES 


LINES 


1. Geometry.—That branch of mathematics which deals 
with the relations, properties, and measurements of lines, 
angles, surfaces, and solids is known as geometry. The par- 
ticular branch of geometry that treats only of the measure- 
ment of lines, angles, surfaces,.and solids is known as 


mensuration. 

In laying out work the mechanic will frequently make use of 
lines and angles in constructing various surfaces. The gen- 
eral property of these elements, as well as some methods of 
constructing them, will be explained in this Section, together 
with the calculation of surface areas and the contents of 
solids. 


2. Points.—In mathematics a point is supposed to be 
without any dimensions; that is, it has no length, breadth, or 
thickness. In accurate work the position of a point is indicated 
by two lines crossing each other at the place where the point is 
intended to be located. 


3. Lines.—From a mathematical point of view a line has 
only one dimension—length; it serves to connect two points. 
On paper a line is represented by means of a mark, that may 
vary in thickness, depending on the means used to make it. 


COPYRIGHTED BY INTERNATIONAL TEXTBOOK COMPANY. ALL RIGHTS RESERVED 


§7 


2 MENSURATION 87 


A straight line, Fig. 1 (a), is one that does not change 
direction throughout its whole length. A straight line is fre- 
quently called a right line. Lines shown in illustrations are 


Se 
et ieee ond in 9 Fe Ne 


(a) () (c) 
Fie. 1 


usually referred to by letters at their ends, as ab, Fig. 1 (a). 
A curved line, Fig. 1 (0), changes its direction at every 
point, no part of the line being straight. 


4, Lines Named According to Relative Positions. 
When two straight lines are equally distant from each other 
throughout their length, as in Fig. 1 (c), they are said to be 
parallel lines. Either one of two parallel 
lines is said to be parallel to the other. 


5. When two lines cross or cut each 

other, as in Fig. 2, they are said to be 

Fie. 2 intersecting lines, and the point 4, at 

which they intersect, or cut each other, is called the point of 
intersection. 


6. <A line is said to be perpendicular to another line, 
when it meets that line so as not to incline toward it on either 
side. Thus, in Fig. 3 (a), the line A B is perpendicular to the 


A 
iS 
s 
c B D Horizontal 


(a) (6) 
Fic. 3 3 
line CD; also, C D is perpendicular to 4 B. Either line is also 
said to be at right angles to the other. 


7. A line that is parallel to the horizon, or water level, as 
CD in Fig. 3 (a) or the corresponding line in Fig. 3 (b), is 
known as a horizontal line. 
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8. A line that is perpendicular to a horizontal line, as in 
Fig. 3 (b), is called a vertical line; it has the direction of a 
plumb-line. 


9. Drawing Perpendicular Lines.—In laying out 
some classes of work, it is necessary to draw one line per- 
pendicular, or at right angles, 
to another; therefore, 
methods of doing this will be 
explained. In the example, 
Fig. 4, a line A B is drawn, 
and it is desired to draw a 
line perpendicular to it at the 
point P. To do this, the legs « 
of a pair of compasses are 
separated to any convenient 
distance, the pointed leg is set at the point P while with the 
other leg, which carries a pencil, two marks are made at 
C and D on the line AB. These marks will be at equal dis- 
tances from the point P and on opposite sides of it. The legs 
of the compasses are now brought farther apart, so that they 
will span a distance greater than PC, the pointed leg is set 
at C, and a short are (or part 
of acircle) is struck with the 
pencil above P,asat F. The 
leg situated at C is now re- 
moved to D, with the legs of 
the compasses the same dis- 
tance apart as before, and 
another arc is struck at F. 
The points at which these 
arcs intersect is the point re- 
quired, as a line drawn from it to P will be perpendicular 
to A B. 


10. If the point P, Fig. 4, at which the perpendicular is to 
be drawn, lies near the end of the line, as, for instance, at the 
edge of a piece of work, the foregoing method cannot be used. 
In such cases, the construction shown in Fig. 5 may be applied, 


Fic. 4 
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where 4 B is the line and P the point at which the perpen- 
dicular is to be drawn. The legs of the compasses are sepa-~ 
rated to some convenient distance, one leg is placed at a point 
above A B, as at O, and with the other the greater part of a 
circle is drawn so as to pass through the point P, as shown by 
the dotted curve. This circular arc will also cross the line A B 
at D. From the latter point a line is drawn through the cen- 
ter O and continued till it intersects the arc at C. A line 
drawn from the point C to the point P will then be perpendicu- 
lar to A B. 


11. Sometime a perpendicular has to be drawn to a line 
from a given point outside the line. The method to be 
employed in this case is shown in Fig. 6, in which A B is the 

Pp line and P the given point. 
One leg of the compasses is 
placed at P and with the 
other leg an arc is de- 
scribed, so that it will in- 
tersect the line AB in any 
two points, C and D, as 
shown by dotted curve. 
One leg of the compasses is 
placed successively at the 
p points C and D, and short 
Fic. 6 arcs are described with the 
other leg at E. From their point of intersection, E, a line is 
drawn to P; then E P is perpendicular to 4 B. 

A perpendicular, drawn from a point outside a straight line, 
is the shortest distance from the point to the line. Thus, 
in Fig. 6, the perpendicular P F is the shortest distance from 
FOr pe 


ANGLES 


12. Definition of an Angle.—When two lines, as a} 
and bc, Fig. 7, meet or intersect at a point b, the opening 
between the lines is known as an angle. The lines are known 
as the sides and the point b as the vertex of the angle. 
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An angle may also be defined as the difference in direction 
between two straight lines. This may be made clearer by 


means of a practical illustration. If the @ 
lines ab and bc, Fig. 7, are’ supposed to ae Lets 

represent the legs of a pair of compasses, A 
the arc d will represent the path through pase! 


which a point on the leg a b will have to move in order that 
this point may coincide with another point on the leg bc, at 
the same distance from b. The length of the arc d, in degrees, 
etc., will, therefore, serve to indicate the size of the angle. 

In referring to an angle, three letters are commonly 
required, one letter at a point on each leg and one at the vertex. 
In naming the angle, the letter at the vertex is always placed 
between the other two. Thus, the angle, Fig. 7, is referred 
to as the angle a bc. If the angle stands by itself, as in this 
case, it may be referred to simply by the letter at the vertex, 
as angle b. Angles are sometimes referred to by means of a 
short arc and a letter, as in Fig. 7, where d indicates the angle. 


13. Classification of Angles.—When two lines cross, 
as in Fig. 8 (a) and (b), they form four angles aoc, cob, 
bod, and doa. Angles that have the same vertex, and one 
side in common, are adjacent angles, as aoc and cob, in 
which o is the vertex of each and the side oc is common to 

both angles. 
When two lines in- 


od tersect, the angles 

e formed on opposite 

0 b sides of the vertex are 

opposite angles. 

a , For instance, the 

angles made by a pair 

(a) () of scissors blades and 
Fre. 8 


by the handles, respec- 
tively, are opposite angles. In Fig. 8, a o c and db o d are 
opposite angles; so areaodandboc. 


14. When one straight line meets another so that the 
adjacent angles formed are equal, as aoc and cob, Fig. 8 (a), 


al 
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the angles are called right angles, and the lines are said to 
be at right angles, or normal, or perpendicular, to each 
other. When a line is perpendicular to another line, as in 
Fig. 8 (a), the adjacent angles must be right angles. 

The sum of all the angles that are on one side of a straight 
line and have a common vertex is always equal to two right 
angles. In Fig. 8 (a) and (b) the sum of the angles a 0 ¢ 
and cob is equal to two right angles. If additional straight 
lines are drawn through the vertex o the number of angles will 
increase, but the sum of the angles on the same side of the 
line ab will remain equal to two right angles. 

If there are two right angles on one side of a straight line, as 
in the case of the line ab, Fig. 8 (a), there must also be two 
right angles on the other side. Hence, the sum of all angles 
about a common vertex is equal to four right angles. 


15. An angle greater than a right angle, as the angle aoc, 
Fig. 8 (b), is an obtuse angle, and an angle less than a 
right angle, as the angle c o b, is an acute angle. 


16. Complements and Supplements.—An angle is 

said to be the complement of another, when the sum of the two 

b angles is one right angle. In Fig. 9, 

‘ if bo is at right angles to ad, the 

angle boc is the complement of the 

angle cod, because the sum of the 

é two angles is a right angle, bod. 

Bac? Two angles that together make one 

right angle are said to be complementary. Thus, boc 
and cod are complementary angles. 

When the sum of two angles is equal to two right angles, 
the angles are said to be supplementary, and each is the 
supplement of the other. In Fig. 9, the angle cod is the 
supplement of the angle c oa, and coa is the supplement of 
cod. Also, the angles aob and bod are supplementary 
angles. 


17. Angular Measure.—If the length of the are d, 
Fig. 7, is to serve as a measure of the size of an angle, it is 
necessary to select a suitable unit. For this purpose the cir- 
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cumference of a circle is divided into 360 equal parts called 
degrees, and each degree is divided into 60 equal parts known 
as minutes. A minute is divided into 60 equal parts called 
seconds, which are used where greater accuracy is required 
than can be expressed in degrees and minutes. 

If two lines are drawn at right angles to each other, as in 
Fig. 8 (a), the point of intersection, 0, may be used as the center 
of acircle. This circle will then be divided by the intersecting 
lines ato four equal parts, known as quadrants, each repre- 


senting an angle of $990 degrees, usually written 90°, as 
shown in Fig. 10. One-half of a right angle is esreee |) one- 


2 
fourth is 224°, one-third is 30°, two-thirds is 60°, etc., as 
indicated. 

If the radius of the circle, drawn with the vertex of the 
angle as a center, is increased in length, the circumference of 
the circle will also become greater, 
and, consequently, also the length of 
each division. But the angle, or 
amount of opening, included between 
two intersecting lines will not be 
affected. Thus, the angle marked 
90° in Fig. 10 will include 4 of 360°, 
as before. 

This system of measuring angles 
is called angular measure; its 
units and abbreviations are given in 
the following table. The signs for minutes and seconds 
are’ and”, the same as for feet and inches; but as they usually 
occur in connection with the sign for degrees, there is little 
danger of their being misread for feet and inches. The expres- 
sion 27° 13’ 45” is read 27 degrees 13 minutes 45 seconds. 

Usually the mechanic will not have to deal with smaller 
divisions of a degree than minutes; that is, the values of the 
angles he may have to use in calculations will ordinarily be 
given in degrees and minutes, and not in degrees, minutes, 
and seconds. 


Fie. 10 
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ANGULAR MEASURE 
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18. Calculations in Angular Measure.—lIn some cal- 
culations it may be necessary to reduce degrees and minutes to 
degrees and a fraction of a degree; that is, to reduce a 
denominate number to a higher denomination, as explained in 
Weights and Measures. To do so, the number of minutes is 
written as the numerator of a fraction with 60 as the denomi- 
nator, and added to the whole number of degrees. For 
example, 12° 45’ is equal to 12§3 degrees, or 12? degrees, which 
may be expressed decimally as 12.75°. If the expression con- 
tains both minutes and seconds, the minutes and seconds are 
reduced to seconds and divided by 3,600, the number of seconds 
in one degree, and the fraction is added to the whole number 
of degrees. For example, if 39° 16’ 15” is to be reduced to 
degrees, the expression 16’ 15”, reduced to seconds, becomes 
(16X60) +15=975 seconds. Dividing this product by 3,600, 
the fraction is $55=ii=.271. Therefore, 39° 16’ 15” may 
be written 394% degrees, or 39.271°. 


19. Angles may be added and subtracted in the same way 
as other compound numbers. For example, if the angles of 
45° and 224°, Fig. 10, are to be added, their sum is 45° +224° 
=674°. 

The following examples show how to proceed in calculations 
dealing with angular measure. 

Examete 1.—Find the sum of 12° 34’, 7° 48’, and 36° 11’. 


So_tution.—The compound numbers are arranged as shown, with like 
units in the same column. The sum of the right-hand 12° 34° 
column is 93’, which is equal to 1° 33’. The number 33 7 48 
is written under the minutes, the 1° is carried over and Bee Tt 
added to the degree column, giving a total of 56°. The - - 
sum is then 56° 33’. 56° 33" Ans. 


ExampLe 2.—Subtract 12-925) fromouedU. 


Sotution—The smaller value is placed under the 45° 40’ 
larger and subtracted in the usual manner. 5 SS 


Exampte 3.—From 39° 4’ subtract 27° 56’. RUSE SUES Yaw 
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So.tution.—As 56’ cannot be taken from 4’, 1°, or 60’, is taken 
from the 39°, leaving 38°, and added to the 4’, making 
64’. The minuend will then assume the form as shown 39° 4’ 
below, and the subtraction may now be carried out in 27 56 

= the usuaf manner. =a 
DO LOA Ti : . . 
27 86 he minuend is not usually rewritten as shown here, 
a but the process of taking 1° from 39° and adding its 
“ 8’ Ans. equivalent, or 60’, to the minutes is done mentally. 


20. Means for Measuring Angles.—Angles are com- 
monly measured by the use of a protractor, a form of which 
is shown in Fig. 11. It consists of a piece of celluloid or of 
metal of a semicircular shape and very thin. Along the curved 
edge are a number of divisions, the smallest representing 4°, 
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or 30’, the next larger representing 1°, and the larger ones 
representing 5° and 10°, respectively. To use the protractor, it 
is laid flat on the angle to be measured, with the point O 
directly on the vertex of the angle and the line 4 B directly 
over one side of the angle. The point where the other side 
of the angle crosses the scale shows the size of the angle. 


21. Laying Off an Angle.—lIf a line is given and it is 
required to draw another line that inclines toward it at a given 
angle, the required line may be drawn in the following manner: 
Let C F, Fig. 12, be the given line and C the point from which 
a line is to be drawn at an angle of 54° with the line CF. 
The protractor, Fig. 11, is laid on the line C F so that its cen- 
ter O comes directly over the vertex C of the angle and so that 


ied 
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the line A B coincides with the line C F, Fig. 12. Then 54° is 
counted off from the lower end B of the scale on the protractor. 
This means 5 large divisions, each of which represents 10°, 
and 4 small divisions, each of which represents 1°. Opposite 
the end of the 54° mark the point D is located with a sharp 
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pencil or a scriber, a pointed steel tool used for scribing, or 
scratching, lines on metal surfaces. Then the protractor is 
removed and a straight line is drawn or scribed so as to pass 
through Cand D. This line C D will make an angle of 54° with 
the line C F; that is, the angle D C F will be 54°. 


EXAMPLES FOR PRACTICE 


1, Find the sum of 26° 18’ and 18° 42’. Ans. 45° 
2. What is the difference between 88° 28’ and 42° 12’? Ans. 46° 16’ 
3. What is the complement of 36° 32’? Ans. 53° 28’ 
4. What is the supplement of 87° 29’? tis, O2>3hc 
5. Find the difference between the complement of 18° 30’ and the 
supplement of the same angle. Ans. 90° 
6. Subtract 82° 48’ from 112° 23”, Ans. 29735) 
7. How many seconds are there in 32° 14’ 6”? Ans. 116,046” 


8. How many degrees, minutes, and seconds do 38,582 seconds 
atnount to? Ans. 10° 43’ 2” 
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9. Ina pulley with five arms, what part of a right angle is included 
between the center lines of any two adjacent arms? 
Ans. # of aright angle 


10. If a number of straight lines meet a given straight line at a 
given point, all being on the same side of the given line, so as to form 
six equal angles, how many degrees are there in each angle? Ans. 30° 


SURFACHS 


DEFINITIONS AND CLASSIFICATION 


22. Plane Surface.—A plane surface, usually called 
a plane, is a surface upon which straight lines may be drawn 
in any direction. A practical example of a plane is the sur- 
face of a surface plate, a steel plate ground perfectly flat on 
its top surface. If a straightedge is laid on its surface, every 
point along the edge of the straightedge will touch the surface, 
no matter in what direction it is laid. 


23. Plane Figures.—Any part of a plane surface 
bounded by any number of straight or curved lines or a com- 
bination of the two is known as a plane figure. 


24. Polygons.—When a plane figure is bounded by 
straight lines only, it is called a polygon. The bounding lines 
are called sides, and the combined length of the sides is known 
as the perimeter of the polygon. Polygons include figures 
with three, four, or more sides, but it is customary to divide 
polygons into three classes, calling those with three sides 
triangles, those with four sides quadrilaterals, and those with 
more than four sides polygons. 


TRIANGLES 


25. Classification.—A triangle is a polygon with three 
sides. Triangles are named according to the relative lengths of 
their sides as isosceles, equilateral, and scalene triangles, and 
according to the nature of the angles as right-angled and 
oblique triangles. 
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26. When two sides of a triangle are of equal lengths, as 
in Fig. 13, it is known as an isosceles (i-sos’se-leez) tri- 
angle. This word isosceles means 
equal legs. 


27. When the three sides of a 
triangle are of equal lengths, as in 
Fig. 14, it is called an equilateral 


triangle. 


Fic. 13 Fic. 14 


28. A triangle in which all the sides are of different 
lengths, as Fig. 15, is called a scalene 
triangle. 


29. Ii one of the 
angles in a triangle is a 
right angle,the triangle isaright-angled 4 o 
triangle. The side opposite the right a a 
angle is called the hypotenuse. In Fig. 16 the side 4B 
is the hypotenuse because it is opposite the right angle C. 
For brevity, a right-angled triangle is gen- 


Fic. 15 


B 
erally termed a right triangle. 
30. Base and Altitude.—That side of 
a triangle on which it is supposed to stand 
is known as the base; 
A D 


any side may be consid- 
Fie. 17 ered as the base. In 

Figs. 16, 17, and 18, AC is shown as the 
base. 

The altitude, or height, of any tri- 
angle is represented by a line drawn from Bante 
the vertex of the angle opposite the base perpendicular to the 
base or to an extension of the base. Thus, in Figs. 17 and 18, 
B D is the altitude of the triangle 4 BC. In Fig, 18 the per- 
pendicular falls outside the triangle, and the base ‘4 C is shown 
extended to meet the line B D. 


31. Similar and Equal Triangles.—Two triangles 
are similar when the angles of one are equal to the angles of 
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the other. If in the triangle a b c, Fig. 19, a line-d e is drawn 
parallel to the side bc, the triangle b 
ade is similar to the triangle abc, as y 
their angles are equal, each to each. 

Two triangles are equal when the a c 
sides of one are equal to the sides of the Fic. 19 
other. It is seen that triangles may be similar without being 
equal. 


QUADRILATERALS 


32. Parallelograms.—A parallelogram is a quadri- 
lateral with opposite sides parallel and opposite angles equal. 
There are four kinds of parallelo- 
grams: the rectangle, the square, 
the rhomboid, and the rhombus. 


33. <A rectangle, Fig. 20, is a 
parallelogram with sides at right 
angles to one another. If the sides are equal, as in Fig. 21, the 

rectangle is known as a square. 


i oe 34. A rhomboid, Fig. 22, is a 
parallelogram in which there are 
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Fic. 20 


Fire. 21 


no right angles and in which the 
length of one pair of opposite sides differs from that of the 
other pair. 

A rhombus, Fig. 23, is a paral- 
lelogram without any right angles, 
and with sides of equal lengths. 


35. Trapezoid and Trape- Fic. 23 


zium.—A trapezoid, Fig. 24, is a quadrilateral which has 
only two of its sides parallel. 


A trapezium, Fig. 25, is a 
quadrilateral without any parallel 

Fic. 24 sides. 
36. Altitudes and Diagonals of Quadrilaterals. 


Any side of a quadrilateral may be considered as its base, but 


in a trapezoid one of the two parallel sides is usually consid- 
TILT 300—15 
(er 
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ered as its base. The altitude of a parallelogram or of a 
trapezoid is the perpendicular distance between the base and 
the opposite side, as indicated by the dotted line in Figs. 22, 23, 
and 24. 


37. A diagonal is a straight line joining two opposite 
corners of a quadrilateral, as indicated by the dotted line in 
Fig. 20. Each quadrilateral has 
two diagonals, and either diagonal 
divides the quadrilateral into two 
triangles. In a_ parallelogram, 
these triangles are equal; for ex- 
ample, either diagonal of the rec- 
tangle, Fig. 20, divides it into two 

Fie. 25 equal triangles. It is important 
to remember that the two diagonals of any parallelogram 
bisect each other; that is, they divide each other into two 
equal parts. 


' 
' 
' 
U 
' 
' 
' 


REGULAR AND IRREGULAR POLYGONS 


38. Regular Polygons. — Excluding, according to 
Art. 24, any polygons with less than five sides, a regular 
polygon may be defined as one with five or more sides of 
equal lengths and with equal angles. Fig. 26 shows some com- 
ron regular polygons with more than four sides. At (a) is 
shown the pentagon, or five-sided figure; at (b) the hexagon, 


RESR SES 


Fic. 26 
or six-sided figure; at (c) the heptagon, or seven-sided figure ; 
and at (d) the octagon, or eight-sided figure. 
It is true that equilateral triangles and quadrilaterals are 
regular polygons of three and four sides, respectively, but they 
are not commonly called polygons. 


39. Constructing Regular Polygons.—lIf perpen- 
diculars are erected to all the sides of a regular polygon at 
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their middle points, these perpendiculars will meet in a com- 
mon point, which is called the center of the polygon. In the 
hexagon, Fig. 27, the perpendicu- 
lars P O, Q O, etc. meet at the cen- 
ter O and are of equal lengths. 
Lines drawn from the vertexes to 
the center O, as B O and C O, are 
also equal. It follows that a circle 
with O as center and OA as 
radius will pass through each of 
the vertexes A, B, C, D, E, and F; 
and a circle with O as center and 
OP as radius will pass through ed 

eachipol MthenpointserPauOn RiSwdyeand U. » Axpolygon 
is said to be inscribed in a circle when the vertexes of 
the polygon lie on the circumference of the circle. A 
polygon is circumscribed about a 
circle when the circumference of 
the circle touches the center of 
each side, as at points P, Q, R, etc., 
F OB RICRZ 7: 


ED 


40. A regular polygon may, there- 
fore, be constructed by inscribing it 
ina circle. For example, to construct 
a hexagon, a circle is described from’ 
a center O, Fig. 28, with a radius 4 O corresponding to the 
line A O, Fig. 27, and divided into six equal parts. The points 
of division are connected by the straight lines 4 B, BC, etc., 
thus obtaining the hexagon d BC DE F. 
In a hexagon the sides are equal to the 
radius of the surrounding circle; hence B 
the length A O, Fig. 28, is used for setting rs 
out the points of division on the circle. 


Ae = 8 2B 


Fie. 28 


A 


D C 
Fie. 29 


41. Irregular Polygon.—A poly- 
gon in which neither the sides nor the 
angles are equal, as Fig. 29, is known as an irregular 


polygon. 
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CIRCLE 


42. Arce, Chord, and Radius.—A circle, Fig. 30, is a 
plane figure bounded by a curved line, called the 
circumference, every point e 
of which is equally distant from 
a point within, called the cen- / \ 
ter. \ i 


A / 
= x / 
Fre. 30 43. Any part of the cir- \. Al, 
5 s “~.=>” 
cumference, as ae b, Fig. 31, is called an are. eee 


44, A straight line joining any two points in the cir- 
cumference is a chord. Or, a chord is a straight line joining 
the extremities of anarc. Thus, in Fig. 31, 


---~ 


- ~ 


7 a ab is the chord of the arc aeb. Every 
i \__ chord divides the circum- f 
4\iipdn bedtfo ference into two arcs, and Bo a 
N / the chord is said to subtend, | ‘ 
te or to be opposite, either me as ! 
Hic s2 atc.ig I abichord passes * <, vy 
through the center, as A B, Fig. 32, it is called = ~>~-_--- 
a diameter. Fie. 33 


45. A straight line joining the center with any point in the 
circumference, as O A, Fig. 33, is a radius (plural, radii); a 
-radius is one-half of a diameter. 


46. Segment and Semicircle.—A segment of a circle 
is that portion of its area that is included between an arc and 
its chord. Each chord divides a circle into two segments; 


oe a thus, in Fig. 31, one segment is between the 
ro “\ chord ab and the are e in full lines. The 
vis 0 \ other segment is between the chord ab and 

( | | the arc shown in dotted lines. 
a a If the chord of a segment is a diameter, 
yen, each segment is a semicircle and each are 

meee) a .semi-circumference. 

47. Sector and Quadrant.—A sector of a circle is that 


portion included between an are and two radii drawn to the 
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ends of the arc. Thus, in Fig. 34, the portion included between 
the arc AB and the radii OA and OB is a sector of the 
circle. 


48. If two diameters are drawn at right angles to each 
other, as 4 B, C D in Fig. 35, the circum- 
ference, as well as the area, of the circle 
is divided into four equal parts. Each 
of the four equal arcs and sectors is 


called a quadrant. e is ean 
AS’ Thus, the ‘ares’ AD, 
DB. Be, and’G A, as 
well as the sectors B 
oO pee DDO BYE 0 C, Fies35 


and CO A, are all known as quadrants. 


Be aes, 49. Tangents.—A straight line that 


B meets a circle at one point only is a tangent 
to the circle; thus, in Fig. 36, A B is a tan- 

gent touching the circle at the point E. The latter point is 

called the point of contact, or the point of tangency. 

A tangent to a circle is at right angles to the radius drawn to 
the point of contact. Thus, if O is the center of the circle, the 
tangent 4 B is at right angles 
to the radius O E. 


Fie. 36 


50. Tangent Circles. 
One circle is said to be tan- 
gent to another circle if they g 
touch each other at one point 
only. This point is called 
the point of tangency, or 
the point of contact. In 
Fig. 37 the points of contact 
of the circle A and the circles B and C are at a and b, respec- 
tively. A straight line passing through the centers of the tan- 
gent circles also passes through the point of contact; thus, the 
point a, at which the circles A and B are tangent, lies on an 
extension of the line connecting the centers c and c,. Similarly, 


Fie. 37 


Oe oi 
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the point b, at which the circles A and C are tangent, lies on 
the line ¢ c,. 


51. Concentric and Eccentric Circles.—When two or 

more circles are described from the same center, as in Fig. 38, 
they are called concentric circles. 

A circle described inside another circle, but 

from a different center, is 

said to be eccentric to 


A 


the larger circle, and the B 
two circles are termed 
eccentric circles. In 
Fre..68 Fig. 39 the circle B is 
eccentric to the circle A, as the centers 
b and a are not at the same point. Fic. 39 


52. Dividing Circumference of Circle Into Equal 
Parts.—The usual way of dividing the circumference of a 
circle into a number of equal parts is to step a pair of dividers 
around the circle, adjusting the distance between its points 
until a distance is found that is used the required number of 
B times in going around the circumference. 

For instance, if the c'rcle, Fig. 40, is to be 
divided into five equal parts, the dividers 
© are adjusted until they will step off five 
equal.chords AB, BC, CD, DE, and EA: 


53. To save the time required to find 
the exact length of the parts into which 
Ere. 40 a circle is to be divided, Table I is pro- 
vided, which gives the length of the chord, per inch of diam- 
eter, for all divisions from 3 to 100, inclusive. The length of 
the chord, or the distance between the points of the dividers, is 
found by multiplying the diameter of the circle by the mul- 
tiplier corresponding to the number of divisions desired. 
The application of the table is shown by means of the 
following examples: 


E D 


ExAamp te 1.—A circle 14 inches in diameter is to have 24 holes spaced 
equally around it. In setting out the centers of these holes by dividers, 
what must be the distance between the points of the dividers? 


§7 
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Sotution.—According to Table I, the multiplier corresponding to 
24 divisions is .13053; but as thig applies to a circle 1 in. in diameter, it 
Therefore, the 


must be multiplied by 14 for a circle of 14 in. diameter. 
dividers must be set a distance apart equal to 


14X.13053=1.82742, or 1.83 in., nearly. Ans. 
TABLE I 
LENGTHS OF CHORDS — 
Num- Num- Num- Num- 
ber of | Multi- |! ber of | Multi- |) berof | Multi- || ber of | Multi- 
Divi- | plier Divi- plier Divi- plier Divi- plier 
s1ons s$10ns sions sions 
3. | 86603 28 11197 53 | -05924 77 | 04079 
Ae sgKQyfseat 29 10812 54 | .05815 78 | .04027 
5 | -58779 || 30 | .10453 || 55 | -05709 || 79 | .03976 
6 | .50000 31 HOLT7. 56 | .05607 80, | .03926 
Gh sale eX exe: 32 09802 57 | 05509 8I | .03878 
8 | .38268 BE 09506 58 | .05414 82 | .03830 
9 | -34202 || 34 | .09227 || 59 | .05322 83 | .03784 
IO | .30902 35 08964. 60 | .05234 84 | .03739 
Te 2Ol TG 36 08716 61 | .05148 85 | .03695 
I2 | .25882 37 08480 62 | .05065 86 | .03652 
Ter 26082 38 08258 63 .04985 87 | .03610 
(Ak =|) ay: 39 08047 64. | .04907 88 | .03569 
My | e2Xe7ous 40 07846 65 .04831 89 | .03529 
16 | .19509 4I 07655 66 | .04758 90 | .03490 
17 | 18375 || 42 | -07473 || 67 | .04687 || 91 | .03452 
fis) | ai FRXO 43 07300 68 | .04618 92 | .03414 
19 | .16460 || 44 | .07134 || 69 | .04552 |) 93 | 03377 
20 | 15643 || 45 | -06976 || 70 | .04487 || 94 | .03342 
21 | .14904 46 06824 7I | .04423 95 | .03306 
2) || sliAlaee 47 06679 72 | .04362 96 | .03272 
ee als Ol, 48 06540 730043802 97 | .03238 
24 | .13053 || 49 | .06407 || 74 | .04244 || 98 | .03205 
Oe. \ 02533 50 06279 75 | .04188 99 | .03173 
26 | .12054 51 06156 76 | .04133 || I0O | .o3I41 
27s IeLOOO 52 06038 


20 MENSURATION $7 


ExampLe 2.—A pulley 26 inches in diameter has 5 spokes. What 
must be the distance between the ends of their center lines, situated 
along the pulley rim? 

So.ution.—According to the table, the multiplier is 58779. There- 
fore, the dividers must be set to a distance of 


26X.58779=15.28 in. Ans. 


ELLIPSE 


54. Axes and Foci of Ellipse.—An ellipse is a plane 
figure of oblong outline, as shown in Fig. 41 (a). The 
line ab is called the major axis or long diameter of the 
ellipse and the line c d is the minor axis or short diameter. 


55. Constructing an Ellipse.—The method of con- 
structing an ellipse may be explained by reference to 


Fig. 41 (b). It is assumed that the lengths of the long and 
short diameters ab and cd are given. The construction is 
begun by drawing these diameters at right angles to each other, 
so as to intersect at the middle point e of each diameter. Then, 
with c as a center and a radius equal to ae, an arc is described 
which cuts the major axis at f and g. Each of these points 
f and g is known as a focus (plural, foci). As will be seen by 
the method of construction, the distance from each focus to 
either extremity of the minor axis is equal to one-half of the 
major axis, ; 

Pins are inserted at the foci, as shown; a pencil 7 is placed at 
one end of the major axis, the point a in this case, and a cord is 
looped around the pencil point and fastened tautly to the pins 
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f and g at the foci. The pencil is now moved from the point a 
toward the position c and beyond to 6, keeping the cord 
stretched taut, thus tracing one-half of an ellipse that will pass 
through the points a, c, and b. Trace the other half similarly. 

It will be noted that the length of cord between the foci 
equals the length of the major axis, because one position of the 
pencil is at c, Fig. 41 (b), and fc+cg=ab. Therefore, the 
sum of the distances from any point in an ellipse to the foci 
equals the length of the major axis; for example, in Fig. 41 (a), 
fkt+k g=ab. 


MEASUREMENT OF LINES AND AREAS 


LENGTHS OF LINES 


56. Introduction.—As stated in Art. 1, calculations 
dealing with lengths of lines, areas of surfaces, and volumes of 
solids belong to that branch of mathematics called mensura- 
tion. The lines whose lengths will be considered in this Sec- 
tion are those that constitute the outlines of triangles, circles, 
portions of circles, and ellipses. 


57. Perimeter of Triangles.—If the lengths of two 
sides of a right triangle are given it is always possible to find 
the length of the third side and, thus, the perimeter, or the 
combined length of the three sides. The following rules, which 
were given in a preceding Section, apply: 

Rule I.—To find the hypotenuse of a right triangle, extract 
the square root of the sum of the squares of the other two 
sides. 


Rule II.—To find one of the sides about the right angle, 
subtract from the square of the hypotenuse the square of the 
other side, and extract the square root of the remainder. 

ExampLe 1—Find the perimeter of a right triangle, if the sides 
about the right angle are 9.5 and 7 feet, respectively. 

SotuTion.—By rule I, the hypotenuse is equal to 


V9. +7= 190.25+49=11.8 ft. 


The perimeter is: 
9.5+7tJ1.8=28.3 ft. Ans. 
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Exampie 2.—A piece of land abcd, Fig. 42, has the form of a 
teppezium,” and has right angles at b and d. A fence is to be built 
around the land and it is required to know which 
pair of sides is the longer, ab+bc or cdt+da. The 
diagonal ac is 65 feet, bc is 51 feet, and ad is 
28.5 feet. 

Sorution.—By rule II, ab=+/65°—-51?=40.3 ft. 
and cd=~+65°—28.5°=58.4 ft. It follows that 
a b+b c=40.3+51=91.3 ft. and that adtdc 
=28.5+58.4=86.9 ft. Therefore, there is a differ- 

Fie. 42 ence of 91.3—86.9=4.4 ft. between the two pairs of 
sides, the pair ab+bdc being the longer of the two. Ans. 


58. Circumference, Diameter, and Radius of 
Circles.—To find the circumference, the diameter, or the 
radius of a circle, the following rules are used: 


Rule I.—The circumference of a circle equals the diameter 
multiplied by 3.14106. 


Rule II.—The diameter of a circle equals the circumference 
divided by 3.14106. 


Rule IlI.—The radius of a circle equals the circumference 
divided by 2X3.1410. 

ExampLe 1—What is the circumference of a circle whose diameter 
is 15 inches? 

SoLution.—By rule I, the circumference is 15X3.1416=47.12 in. Ans. 

Exampite 2.—(a) What is the diameter of a circle whose circum- 
ference is 65.9736 inches? (b) What is the radius? 

SoLutTion.—(a) By rule II, the diameter is 


65.9736 _,. a 
ate. oe 
(b) By rule III, the radius is 
65.9736 
== § 
IXB14I6 103 in. Ans. 


Or, the radius is equal to the diameter divided by 2. Thus, = 103 in. 


59. Ratio of Circumference to Diameter.—The 
number 3.1416 used in the preceding rules is the ratio of the 
circumference of a circle to its diameter ; it is represented very 
often by the Greek letter + (pronounced “pi”). It is an unend- 
ing decimal and its value has been calculated to over 700 deci- 
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mal places, but the value here given is the one most generally 
used, four decimal places being sufficient for all practical pur- 
poses. The values 4 7, or .7854, and 4 x, or .5236, are fre- 
quently used. In case the calculation does not need to be very 
accurate, the value of + may be taken as #7, which is equal to 
3.1429, a fairly close approximation. 


60. Length of Arc of Circle.—The length of an arc of 
a circle may be found by the following rule: 


Rule.—The length of an arc of a circle equals the circum- 
ference of the circle of which the arc is a part, multiplied by the 
number of degrees in the arc, and the product divided by 360. 

ExampLte—wWhat is the length of an arc of 24°, the radius of the 
circle being 18 inches? 


Sotution.—The diameter of the circle is 2X18=36 in., and the cir- 
cumference is, according to rule I, Art. 58, 363.1416. By the preced- 
ing rule, the length of the arc is 


SONS OXIA 7.54 in, Ans. 

61. Approximate Method for Finding Length of 
Are.—The following method, if applied to arcs less than 120°, 
is correct to three figures. It may be used for arcs up to 180°, 
but when the arc exceeds 120° the re- 2 
sults are less accurate. 

If the length of the are ACB, Weal ee 
Fig. 43, is to be found, the middle ~ a 
point D of the chord A B is located He: 43 
and DC is drawn at right angles to 4d B. On drawing AC, 
this line is the chord of half the arc. After the lengths of these 
chords are measured, the length of the arc is found by the fol- 
lowing rule: 

Rule.—From eight times the chord of half the arc, subtract 
the chord of the whole arc, and divide the remainder by 3. 
The quotient is the length of the arc, approximately. 

Referring to Fig. 43, this rule may also be expressed in the 
following form: 

BXA.C—AB 


Length of arc A B= 3 


ae 
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ExAMPLE.—Find the length of the arc 4 CB, Fig. 44, if the length 
of the chord A B is 72 inches and D C is 8 inches. 

0. So_tution.—Before the rule can be 

SS applied it is necessary to find the 

A ee B length of the chord AC of half the 

arc. It is known that AD=4 of 


Cadi A B=tX72=36 in. 
From the rules for right triangles, given in Art. 57, it is known that 


the hypotenuse 4 C= VAD -+D C =-\36?18?=36.88 in. 


Hence, by the rule, 


8XAC—AB_8X36.88—72 
length of arc A B= 3 = 3 =74.35 in. Ans. 


62. Graphic Method for Finding Length of Are. 
If the circular arc does not exceed one-sixth of the circum- 
ference, its length may be found accurately enough for practical 
purposes by means of the con- 
struction shown in Fig. 45. 

For example, it is required to a 
find the length of the arc A B of , 
a circle described with the radius / 
OyAsirom the-centerj@. q7Atw. ayy 
line A C is drawn at right angles ; 
to the radius OA; then, the ! 
chord A B is drawn and extended \ an'4 
beyond the point A to the ° ine § 
point D, making AD half the length of the chord AB. 
With D asa center, and with a radius equal to D B, the are BC 
is described, cutting A C at C. The length of 4 C will then be 
very nearly equal to the length of the arc 4 B. 


/ 
- 
ms 


\ 

\ 

\ 

{ 
re ee ee eee 

/ 


63. Circumference of Ellipse.—The circumference, or 
length of the curved outline, of an ellipse may be found, 
approximately, by means of the following rule: 


Rule.—The circumference of an ellipse is approximately 
equal to the product obtained by multiplying 3.1416 by the 
square root of half the sum of the squares of the two diameters. 


Or, referring to Fig. 41 (a), the rule is stated as follows: 


— 
Circumference of ellipse erie 
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EXxaMpLe.—Find the circumference of an ellipse whose diameters are 
14 inches and 10 inches, respectively. 
Sotution.—When the known values are substituted in the formal 


statement of the rule, the circumference is equal to 3.1416 eae 


=3.1416 [22100-31416 12.17 =38.233 in. Therefore, correct to three 


figures, the circumference is 38.2 in. Ans. 


AREAS OF PLANE SURFACES 


TRIANGLES, QUADRILATERALS, POLYGONS, CIRCLES, 
AND ELLIPSES 
64. Area of Triangle.—The area of a triangle may be 
found by the following rule, if the length of the base and the 
altitude are known: 


Rule.—The area of any triangle equals one-half the product 
of the base and the altitude. 


If the triangle is a right triangle, one of the short sides may 
be taken as the base, and the other short side as the altitude; 
hence, the area of a right triangle is equal to one-half the 
product of the two short sides. 


ExampLe.—What is the area of a triangle whose base is 18 inches 
and whose altitude is 72 inches? 


Sotution.—Applying the rule, the area is 
3X (18X72) =697 sq. in. Ans. 


65. The area of any triangle may be found, when the 
length of each side is known, by means of the following rule: 


Rule.—From half the sum of the three sides, subtract each 
side separately; find the product of these remainders and of 
half the sum of the sides. The square root of the product is 
equal to the area of the triangle. 


If the various values in this rule are expressed by means of 
symbols it may be given in a more condensed form. First, the 


haz 
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sum of the three sides a, b, and c, Fig. 46, is found and divided 


by 2, as on de This quotient is indicated by the letter s; 
that is, satire The difference is then found between s 
and each of the sides, as s—a, s—b, and 
. b s—c. These differences are multiplied to- 
gether and by s, and the square root of the 

3 product is extracted. 
Fic. 46 When these successive calculations are 


expressed collectively, the whole will appear as follows: 
Area of triangle = \s (s—a) (s—b) (s—c) 


Exampite—What is the area of the triangle, Fig. 46, if the sides, 
a, b, and c, are 18, 20, and 28 feet, respectively? 


Sotution.—First, it is necessary to find the value of s, or 


_ 18420428 
os 2 
sides are found, as, 


a+b+c 
2 
=33. Then, the differences between s and each of the 


s—a=33—18=15 
s—b=33—20=13 
s—c=33—28= 5 
Then, 
area= Vs(s—a)(s—b) (s—c) = V33X15X13X5 =179.37 sq. ft. Ans. 


66. Area of Quadrilateral.—To find the area of a 
parallelogram the following rule may be used: 


Rule.—The area of any parallelogram equals the product of 
the base and the altitude. 

ExampLte—What is the area of a parallelogram whose base is 
12 inches and whose altitude is 74 inches? 

SoLution.—By the rule, the area is 12X74=90 sq. in. Ans. 

If the area and one dimension are given, the other dimen- 
sion may be found by dividing the area by the known dimen- 
sion. If the parallelogram is a square, and its area is given, 
the length of a side is found by extracting the square root 
of the area. i 


67. To find the area of a trapezoid the following rule may 
be used: 
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Rule.—The area of a trapezoid equals one-half the sum of 
the parallel sides multiplied by the altitude. 


ExampLe.—What is the area of a trapezoid whose parallel sides are 
9 inches and 15 inches, and whose altitude is 6 inches? 


SoLution.—The sum of the parallel sides is 9+15=24 in., and half of 
this is 12 in. Then, 
12X6=72 sq. in. Ans. 


68. Area of Regular Polygon.—The area of a regular 
polygon may be found by the following rule: 


Rule.—To find the area of a regular polygon, square the 
length of a side and multiply this by the proper multiplier taken 
from Table II. 

ExampLe—A regular octagon has sides 8 inches long. What is the 
area? 


So.ution.—The multiplier for an octagon, taken from Table II, is 
4.8284. By the rule, the area is 


8°X 4.8284=64 X 4.8284=309.02 sq. in. Ans. 


TABLE It 
MULTIPLIERS FOR FINDING AREAS OF REGULAR POLYGONS 
Number| Multi- Number] Multi- 
Name” “| of Sides | __ plier Name | of Sides | ~ plier 

Equilateral Octagon... 8 4.8284 

triangle....| 3 0.4330 || Nonagon.. 9 6.1818 
SOUATC 25... 4 1.0000 |} Decagon...} 10 7.6942 
Pentagon.... 5 1.7205 || Undecagon] 11 9.3656 
Hexagon..... 6 2.5981 || Dodecagon| 12 II.1960 
Heptagon.... 7} 3.6339 


69. Area of Irregular Polygon.—tThe foregoing rules 
apply for finding areas of such figures as triangles, squares, 
rectangles, and regular polygons. If the figure or surface is of 
irregular shape, it can generally be divided by means of diag- 
onals into simpler forms, such as squares, triangles, etc. The 
areas of these parts may then be calculated by the rules given, 


qe" 
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and the sum of the various areas will be the total area of the 
figure. 


ExAMPLE.—It is required to find the area of the irregular polygon 
ABCDEF, Fig. 47, the dimensions 
being as indicated and the angles FC D 
and CDE being right angles. 


So.ution.—The diagonals BF and 

CF are drawn and also the line FG 
perpendicular to D E, thus dividing the 
polygon into the triangles ABF, BC F, 
and FGE, and the rectangle FC DG. 
With the dimensions indicated in Fig. 
E 47 on the lines representing altitudes, 
namely, 7, 5, and 10, and on the sides 
an AB, DG, and GE, namely, 16. 14, and 


9, the areas are as follows: 


area A BF = nr Sb sq. in. 

area B crams sq. in 
area F C D G=14X10=140 sq. in. 

area F G E= ens sq. in 


Total area=56+35+140+45=276 sq. in. Ans. 

70. Area of Circle.—The area of a circle may be found 
by the following rule: 

Rule.—The area of a circle is equal to .7854 times the 
square of the diameter, or 3.1416 times the square of the radius. 

Exampie.—What is the area of a circle whose diameter is 15 inches? 


Sotution.—By the rule, the area is 
7854 X 15°=.7854 X 225=176.72 sq.in. Ans. 


In practice it is found very convenient to 
use tables giving the diameters, circumfer- 
ences, and areas of circles, as they make it 
unnecessary to perform the calculation just 
described, and thus save much time. Fre. 48 


71. Area of Flat Circular Ring.—The area of a flat 
circular ring like that in Fig. 48 may be found by the following 
rule: 
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Rule.—The area of a flat circular ring is equal to the area 
of the outer circle minus the area of the inner circle. 
ExampLe.—The diameters of the outer and inner circles of a flat 


ring are 6% inches and 4 inches, respectively. What is the area of 
the ring? 


SoLutTIoN.—The area of the outer circle is .7854X (64)?=33.183 sq. in. 
and of the inner circle is .78544’?=12.566 sq. in. Then, the area of the 
ring is 33.183—12.566=20.617 sq. in. Ans. 

72. Area of Sector.—The area of a sector may be found 
by the following rule: 


Rule.—Divide the number of degrees in the arc of the sector 
by 360, and multiply the result by the area of the circle of 
which the sector is a part. The product is the area of the 
sector. 

Exampie.—tThe angle formed by drawing radii from the center of a 


circle to the extremities of the arc of the circle is 75° and the diameter 
of the circle is 12 inches. What is the area of the sector? 


Sotution.—The area of a circle 12 in. in diameter is .785412? 
=113.1 sq. in., nearly. By the rule, the area of the sector is 


348 X113.1=23.56 sq. in. Ans. 


73. If the length of the arc and the radius of a sector are 
given, the following rule may be used to find the area: 


Rule.—The area of a sector is equal to one-half the product 
of the radius and the length of the arc. 

Exampie—lf the radius of an arc is 5 inches, and the length of arc 
is 4 inches, what is the area of the sector? 

So.ution.—By the rule, the area is 


4X (5X4)=10sq.in. Ans. A 
74. Area of Segment.—To find the cp 
area of the segment ABC, Fig. 49, lines 
are drawn from the center D of the circle 
to the points A and B. Then, the area of 
the segment is equal to the area of the sec- 


tor'4 D BC minus the area of the triangle d BD. Hence, the 
following rule is used to find the area of a segment of a circle: 


B 


Fic. 49 


Rule.—Draw radii from the center of the circle to the ends 


of the arc of the segment; find the area of the sector thus 
ILT 300—16 


qe" 
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formed, subtract from this the area of the triangle formed by 
the radii and the chord of the arc of the segment; the result is 
the area of the segment. 


In problems where the area of a segment is to be found the 
angle and the diameter or radius of the circle are usually given. 
The area of the sector can be found by the rule in Art. 72. A 
drawing is then made as in Fig. 49, the known angle F being 
laid off by means of a protractor. The radii are then drawn 
to scale, as at D A and D B, the chord is drawn as at A B, and 
the perpendicular distance from the vertex of the angle to the 
chord is measured, as at D E. This distance is the altitude of 
the triangle A B D, and the area of this triangle is one-half the 
product of the base, or the chord A B, and the altitude D E. 

ExampLe.—Find the area of the segment A BC, Fig. 49, if the chord 


AB is 8.66 inches, E D is 23 inches, the radius A D is 5 inches, and the 
angle fis 120°" (Are! AG’ B as! 120°2 “See Art Si, Serial 1973)) 


So.ution.—By the rule of Art. 72, the area of the sector is 
428X (3.1416 X 5°) =3X78.54=26.18 sq. in. 
The area of the triangle is 4X (8.66X23)=10.83 sq. in. Therefore, 
by the foregoing rule, the area of the segment is 


26.18—10.83=15.35 sq. in. Ans. 


75. Approximate Method for Finding Area of a 
Segment.—lIf the conditions are such that the position of a 
chord, as AC, Fig. 50, is known, but not 
its length, the following rule may be em- 


This rule is not exact, but gives results 
sufficiently correct for practical purposes. 


Rule.—Divide the diameter by the height 
of the segment; subtract .608 from the 
quotient and extract the square ~oot of the 

Fie. 50 remainder. This root is multiplied by 4 
and by the square of the height of the segment and then divided 
by 3. The quotient gives the area, very nearly. 


Exampie.—lIn the circle shown in Fig. 50, what is the area of the 
segment A BC E A, if the diameter D is 54 inches and the height h of 
the segment is 20 inches? 
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Sotution.—The application of the rule is shown by the following 
operations, which are performed in the order given in the rule: 
54+-20=2.7 
2.7—.608=2.092 
4)2093=1.446 
4X1.446=5.784 
5.784 X20°=5.784 X 400=2,313.6 
2,313.6+-3=771.2 sq. in. Ans. 


%76. The method explained in Art. 75 requires that the 
diameter be given. Should, however, the chord be given, 
instead of the diameter, the length of the 
latter may be found by a method based on 
the principle that if from any point on the 4 
circumference of a circle, as from A, 
Fig. 51, a line A E is drawn perpendicular 
to a diameter, as BF, it will divide the 
diameter into two parts, one of which will 
be in the same ratio to the perpendicular as F 
the perpendicular is to the other part. Bees 
That is, the perpendicular will be what is called a mean pro- 
portional between the two parts of the diameter. For example, 
in Fig. 51 the perpendicular A E divides the diameter into the 
two parts B E and E F such that the relation between 4 E and 
these parts may be stated by the proportion, 


DE AER=AEB EP 
The perpendicular 4 E, which is one-half of a chord, is the 
mean proportional between the two parts of the diameter. The 
application of this principle will now be shown by means of 
Fig. 50 and the following example: 


B 


Exampite.—If AC, Fig. 50, is 30 feet long and the height BE is 
8 feet, what is the diameter of the circle, the chord AC being at right 
angles to the diameter BF? 

Sotution.—A E is one-half of the chord or 30+2=15 ft. Accord- 
ing to the preceding explanations the following proportion applies: 
BE:AE=AE:EF; or, 8:15=15:EF. 

Therefore, ar 


EF+E B=28+8=363 ft. Ans. 


=283 ft. The diameter is equal to 


q?" 
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77. Area of Ellipse.—The area of an ellipse may be 
found by the following rule: 


Rule.—The area of an ellipse is equal to .7854 times the 
product of its long and short diameters. 


ExAMPLE.—The link shown in Fig. 52 has a central part that is 
elliptical in cross-section. That 


Ep is, if the link is cut in two along 
the line shown under the section 
) - a, the end surfaces will each be 
shaped as shown at a. This cross- 


section, a, is an ellipse 4 inches 
long and 23 inches wide. What 
is the area of this cross-section? 


Fic. 52 Sotution—The long diame- 


ter is 4 in. and the short diameter is 2} in. and, by the rule, the area is 
7854X4X23=7.854 sq.in. Ans. 


78. Areas of Irregular Curvilinear Figures.—A 
method was shown in Art. 69 by which the area of an irregular 
polygon could be calculated. But, if the outline of an irregular 
figure is made up of curved lines, instead of being composed of 
straight lines, there is no general rule by which the exact area 
may be found. In such a case it is necessary to find the area 
by an approximate method. There are several methods of this 
kind, all of which will give fairly accurate results. The aim of 
the following method is to find the dimensions of a rectangle 
that has an area equivalent to that of the figure. 

If the area of an irregular figure, similar to that shown in 
Fig. 53, is to be found, it is necessary to draw a straight line, 


as AB, below the figure. Then, the perpendiculars CA 
and D B are drawn tangent to the curved ends of the figure. 
The distance 4 B, which is equal to the length of the figure, is 


i cas | 
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i 


now divided into 2 number of equal parts, in this case 20. 
This can be done by using a pair of dividers, setting their 
points a certain distance apart, and stepping off from A to B. 
The approximate distance between the points of the dividers 
may be found by measuring the length of A B and dividing it 
by 20. For instance, if the figure is 2.7 inches long, the length 
of each division is 2.7+20=.135 inch. The distance between 
the points should be adjusted at each trial, until a setting is 
found that will give exactly 20 equal spaces on AB. Each 
division should be marked with a dot made with a sharp pencil 


point, as shown. 


79. Beginning at the dot next to one end of the figure, 
Fig. 53, a perpendicular is drawn through it, so as to cross the 
figure. Other perpendiculars are drawn from each alternate 
point, that is, skipping every second point. There will then be 
10 lines drawn across the figure from top to bottom, as shown. 
The lengths of those portions of the 10 lines that are included 
between the arrow heads are now measured carefully and the 
lengths are marked in decimals of an inch. When all the 
lengths are measured, they are added and their sum divided by 
the number of lines, in this case 10. The result is the average 
length of the lines, or the average height of the figure. In this 
example the sum of the lengths is 34+ 44+ 464+ 46+.52+.0 
+ 64+ 67+ 634+ 44=52 inches, and 5.2+10=.52 inch; that 
is, the average height of the figure is .52 inch. The length of 
the figure is equal to the length of AB, which measures 
2.7 inches. The area is equal to the length times the average 
height, or 2.7X.52=1A4 square inches. 

It is seen from Fig. 53 that the area of the figure is assumed 
to be equal to the area of a rectangle A E F B whose length A B 
is equal to the length of the figure and whose height A E is 
equal to the average height of the figure. 

Nore —It is to be cbserved that the line A B is divided into 20 parts 
while only 10 perpendiculars are drawn. The purpose of this procedure 
is to make it possible to locate the first and the last perpendicular at a 


distance from the respective ends equal to one-half the length of a 
division. Since the outline of the figure shows the greatest curvature 


at the ends, greater accuracy in the calculation is secured by placing 


perpendiculars nearer the ends. 


(ma 
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80. Approximate Area of Any Polygon.—Although 
the method just described for finding areas is most commonly 
applied to irregular figures, it can also be used for finding the 
approximate area of any regular figure, in case the formula for 
finding such area cannot be remembered. Also, it is not 
absolutely necessary to divide the base line of the figure into 
20 equal parts. Any number of equal parts may be used; but 
the greater the number, the greater will be the accuracy of the 
result. Not less than 20 divisions should be used, so that 
10 lines of measurement will be obtained, if fairly accurate 
results are expected. 

It is not necessary to measure each of the 10 lines separately, 
as was done in the preceding article. A narrow strip of paper 
with one straight edge may be laid across the figure and the 
lengths of the 10 lines may be marked off on it, end to end, 
beginning at the left-hand end of the strip. The distance 

between this end and the last mark made is then measured, 
which distance is equivalent to the sum of the ten lengths set 
off. The required calculation is then performed as explained 


in Art. 79. 


EXAMPLES FOR PRACTICE 


1. What is the area in square feet of a parallelogram whose base is 


84 inches, and whose altitude is 3 feet? Ans. 21 sq. ft: 
2. One side of a shop is 16 feet long. If the floor space is 240 square 
feet, what is the length of the other side? Ans, 15 ft. 


3. How many square feet in one face of a board 12 feet long, 
18 inches wide at one end and 12 inches wide at the other end? 


Ans. 15 sq. ft. 
4. What is the area of a triangle whose base is 10 feet 6 inches long, 
and whose altitude is 18 feet? Ans. 94.5 6q. ft. 


5. A wagon wheel is adjusted into a position so that the center lines 
of two opposite spokes are horizontal. If there are five equally spaced 
spokes above them, how many degrees are there in the angle between 


two adjacent spokes? Ans, 30° 
6. What is the length of an arc of 64°, the radius of the arc being 
30 inches? Ans. 33.51 in. 


7. Find the area of a circle 2 feet 3 inches in diameter. 
Ans. 3.976 sq. ft. 
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8. From a circle, 42 inches in diameter, a segment is cut off that is 
11 inches high. What is the area of the segment? Ans. 289.04 sq. in. 


9. Find the area of a flat circular ring whose outside diameter is 


12 inches and whose inside diameter is 6 inches. Ans. 84.82 sq. in. 
10. The diameter of a flywheel is 18 feet. What is the length of its 
circumference to the nearest 16th of an inch? Ans. 56 ft. 62% in. 


11. A flat roof, 46 feet by 80 feet in size, is covered by tin roofing 
weighing one-half pound per square foot; what is the total weight of 
the roofing? Ans. 1,840 Ib. 


12. How much would it cost to lay a sidewalk a mile long and 
8 feet 6 inches wide, at the rate of 20 cents per square foot? How much 
at the rate of $1.80 per square yard? Ans. $8,976 in each case 


VOLUMES OF SOLIDS 


PRISM AND CYLINDER 


81. Solids.—A solid, or body, has three dimensions: 
length, breadth, and thickness. The boundaries of a solid are 
surfaces. If these surfaces are planes, they are known as 
faces, and the lines along which they join or intersect are 
called edges. 


82. Classification of Prisms and Cylinders.—A 
prism is a solid whose ends, or bases, are equal and parallel 
polygons and whose sides are parallelograms. 
Prisms take their names from the form of 
their ends. Thus, a triangular 
prism is one whose ends are tri- 
angles; a hexagonal prism is one 
whose ends are hexagons, etc. A Bras D4 
rectangular prism, Fig. 54, is a prism whose ends 

Fic. 55 are rectangles. A cube, Fig. 55, is a rec- 
tangular prism whose faces and ends are squares. 

A eylinder, Fig. 56, is a body of uniform diameter 
whose ends are equal, parallel circles. 

The end on which a prism or cylinder is shown to 
rest is called its base. Fic. 56 
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83. <A right prism or a right cylinder is one whose 
center line, or axis, is perpendicular to its base. In this Section 
all of the solids will be considered as having their center lines 
perpendicular to their bases. 

The altitude of a prism or a cylinder is the perpendicular 
distance between its two ends. 


84. Volume of Right Prism or Cylinder.—The 
volume of a prism similar to that shown in Fig. 54 or in 
Fig. 55 is equal to the product of its length, width, and thick- 
ness. But, as the area of the base in either case is equal to the 
product of two of these dimensions, as, for instance, length 
and width, it follows that the volume is found by multiplying 
the area of the base by the altitude of the prism. The three 
dimensions must be in the same units. The volume of a cyl- 
inder also is equal to the product of the area of its base and 
the altitude. Hence, for finding the volume of a right prism or 
of a right cylinder the following rule applies: 


Rule.—The volume of any right prism or cylinder equals 
the area of the base multiplied by the altitude. 


If the given prism is a cube, the three dimensions are all 
equal, and the volume is equal to the cube of the length of one 
edge. If the volume and the area of the base are given, the 
altitude is equal to the volume divided by the area. 


ExampLe 1—What is the volume of a rectangular prism whose base 
is 6 inches by 4 inches, and whose altitude is 12 inches? 

Sotution.—As the base of a rectangular prism is a rectangle, its area 
is equal to 6X4=24 sq. in. By the rule, the volume is 24X12=288 cu. in. 
Ans. 


ExAMPLeE 2.—What is the volume of a cube whose edge is 9 inches? 


Sotution.—The volume is equal to the cube of one edge, or 9 
=9X9X9=729 cu. in. Ans. 


ExAmMpLe 3.—What is the volume of a cylinder whose base is 7 inches 
in diameter, and whose altitude is 11 inches? 


SoLution.—From Art. 7@ the area of a circle is equal to .7854 times 
the square of the diameter. Hence, the area of the base is .7854X7? 
=38.48 sq. in. By the preceding rule, the volume of the cylinder is 
38.48 X 11=423.28 cu. in. Ans. 
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Examp ie 4.—A cylindrical tank is to contain 140 cubic. feet of water. 
If the area of the base is 28 square feet, what must be the height of 
the tank? 


So.ution.—As it was stated that the altitude of a cylinder is equal 
to the volume divided by the area, it follows that the height of the 
tank is 140+28=5 ft. Ans. 


85. Volume of Hollow Right Prism or Cylinder. 
If the cylinder or prism is hollow, the volume is equal to the 
actual area of the base multiplied by the altitude. 


ExampLe—tThe outside diameter of a hollow cylinder, Fig. 57, is 
14 inches and the diameter of the interior opening 
is 12 inches. If the altitude of the cylinder is 9 
inches, what is its volume? 


So_ution.—The base may be considered as a flat 
circular ring, similar to Fig. 48, and its area is t 
found by using the rule in Art. 71, The area of the |} 8 
outer circle is .7854X147=153.938 sq. in., and of the 
inner circle it is .7854X12’=113.098 sq. in. Then, 
the area of the base is 153.938—113.098=49.84 sq. in. Ls 
Then by the rule, the volume is 40.84*9=367.56 cu. in. Ans. 


PYRAMID, CONE, AND SPHERE 


86. Pyramid and Cone.—A pyramid, Fig. 58, is a 
solid whose base is a polygon and whose sides are triangles 
uniting at a common point, called the vertex. 

A cone, Fig. 59, is a solid whose base is a cir- 
cle and whose convex surface tapers uniformly 
to a point called the vertex. 

The altitude of a pyramid or 
a cone is the perpendicular dis- 
tance from the vertex to the base, 
as shown by the dotted line in 
Figs. 58 and 59. If this line passes through the 
center of the base, the solid is called a right pyra- 
mid or a right cone. 


Fic. 58 


Fie. 59 


87. Volume of Right Pyramid or Right Cone. 
The velume of a right pyramid or of a right cone may be 
found by the following rule: 


¢° 
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Rule.—The volume of a right pyramid or a right cone 
equals the area of the base multiplied by one-third of the 
altitude. 


If the base of the pyramid is a regular polygon, its area may 
be found by the rule of Art. 68. 


ExampiLe 1—What is the volume of a triangular right pyramid, the 
edges of whose base each measure 6 inches, and whose altitude is 
8 inches ? 


Sotution.—The base is an equilateral triangle; hence, by the rule of 
Art. 68, its area is 6°X.433=15.59 sq. in. Applying the rule, the 
volume is 


15.59X3=41.57 cu.in. Ans. 


ExaMpLe 2.—What is the volume of a right cone whose altitude is 
18 inches, and whose base is 14 inches in diameter? 


Sotution.— .7854X147=153.94 sq. in., the area of the base. By 
the rule, the volume is 


153.94 X7=923.64 cu.in. Ans. 


88. Convex Area of Pyramid, Cone, or Cylinder. 
The slant height of a pyramid is a line drawn from the 
vertex perpendicular to one of the sides of the base. The 
slant height corresponds, therefore, with the altitude of any 
one of the triangular faces. The slant height of a cone is any 
straight line drawn from the vertex to a point on the circum- 
ference of the base. 

To find the convex area of a pyramid or cone (which is the 
area of the outside surface, not including the base) apply the 
following rule: 


Rule I.—To find the convex area of a pyramid or of a cone, 
multiply the perimeter of the base by one-half the slant height. 

The convex area of a cylinder is found by the following 
rule: 


Rule II.—To find the convex area of a cylinder, multiply 
the perimeter of the base by the altitude. 

Examp.e 1.—What is the convex area of a pentagonal pyramid if one 
side of the base measures 6 inches and the slant height is 14 inches? 


Sotution.—The base of a pentagonal pyramid is a pentagon with 
five equal sides. The perimeter of the base is 6X5=30 in. and, by 
rule I, the convex area is 30X7s4=210 sq. in. Ans. 


' eo so oe. 


4 
- 
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~ Examuriz 2—What is the entire area of 2 tight cone whose slant 
height is 17 inches and whose base is 8 inches in diameter? 


Souvrios —The perimeter, or circumference, of the base is 3.1416 
4B=L5NGB in; the area of the base is 7854K8=027 sy in; the 
conven area is Z51IBXIZ=213.63 wy, in, and the total area of come is 
D27+21363=263.N wy, isi. Ans. 

Exauriz 3—What is the convex surface of 2 cylinder 4 inches in 
diameter and 75 inches high? 

Souvtios.—The perimeter of the base is 31416%4=12.57 in Hence, 
by rule I, the convex area is 1257%75=94275 «4, in. Ans. 


89. Frustums.—If 2 pyramid is cut off parallel to the 
base, as in Fig. @, so as to form two parts, the lower part is 
called the frustum of the pyramid. If 2 cone is 
cut in a similar manner, as in Fig. 61, the lower 
part is called the frustum of the cone. The 
upper end of the frustum of a 
pyramid or cone is called the upper 
base, and the lower end the lower 
base. The altitude of a frusturn is 
the perpendicular distance between the 
bases, indicated by the dotted linesin , > 
Figs. D and 61. 


90. Volume of Frustum of Pyramid 
Having Regular Polygon for Base.—The 
volume of a frustum of a pyramid may be found 
by the following rule: 


Rule—Uultiply together the lengths of one side of the 
upper and lower bases and the corresponding multiplier taken 
from Table II, and to the product add the sum of the arcas of 
the upper and lower bases ; then multiply the total sum by one- 
third the altitude of the frustum. The result will be the volume 
of the frustum. 

Exauriz—In a frustum of a pyramid, whose bases are regular hexa- 
gons, each edge of the upper hase is 5 inches long and of the lower base 
is 8 inches long. Ii the altitude is 14 inches, what is the volume? 

Saurton —The area of the upper base, by the rule of Art. 68, is 
FX2AGN=64.95 sg. in. By the same rule, the area of the lower base is 


ss | 


Fic. 61 


Ker 
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8X 2.5981=166.28 sq. in. The sum of these areas is 64.95+166.28 
=231.23 sq. in. Then, by the rule, the volume of the frustum is 


[(5X8X2.5981) +231.23] X44= (103.92+231.23) X14 
=335.15X14=1,564 cu. in. Ans. 


91. Volume of Frustum of Cone.—The volume of the 
frustum of a cone may be found by using the following rule: 


Rule.—Multiply together the diameters of the two bases and 
7854 and to the product add the sum of the areas of the upper 
and lower bases; then multiply the total sum by one-third the 
altitude of the frustum. The result will be the volume of the 
conical frustum. 

Exampie.—What is the volume of a frustum of a cone whose upper 


base is 8 inches in diameter, whose lower base is 12 inches in diameter, 
and whose altitude is 15 inches? 


SoLtution.—The area of the upper base is .7854X8°=50.27 sq. in., 
and that of the lower base is .7854X12°=113.1 sq. in. Their sum is 
50.27+113.1=163.37 sq. in. By the rule, the volume of the frustum is 


[ (8X 12 X.7854) +163.37] X12 = (75.44+163.37) X12 
=238.77 X 5=1,193.85 cu. in. Ans. 


92. Volume of Sphere.—A sphere, Fig. 62, is a solid 
bounded by a uniformly curved surface, every point of which 

is equally distant from a point within, called 

the center. The word ball is commonly used 

instead of sphere. The volume of a sphere 
“may be found as follows: 


Rule.—The volume of a sphere equals the 
cube of the diameter multiplied by .5236. 


Fie. 62 


ExaMpLe.—What is the volume of a cannon ball 
12 inches in diameter? 

Sotution.—By the rule, the volume is 12*X.5236=12X12X12X.5236 
=904.78 cu. in. Ans. 

The volume of a spherical shell, or hollow sphere, is equal 
to the difference in volume between two spheres having the 
outer and inner diameters of the shell. 


93. Area of Sphere.—The surface area of a sphere is 
found by the following rule: 
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Rule.—Square the diameter and multiply the result by 
3.1410. 
ExampLe.—What is the surface area of a sphere 14 inches in 
diameter? . : 
SoL.ution.—According to the rule, the area is 
14°X3.1416=14X 14X3.1416=615.75 sq. in. Ans. 


PRISMOIDS. 


94. Definition.—A prismoid is a solid with two faces, 
or bases, that are parallel polygons and the remaining faces 
triangles or quadrilaterals. Thus, the solid shown in Fig. 63 
is a prismoid; its bases are the irregular pentagon A BC DE 
and the trapezoid F G H i, which are parallel. The other faces 


of the prismoid are the triangle G BC and the quadrilaterals 
GCDH,HDEILIEAF,andFABG. The perpendicular 
distance between the bases of a prismoid is called its altitude. 


95. Middle Section of Prismoid.—If an imaginary 
cut is made through a prismoid, as at PQRS, Fig. 64, 
parallel to the two bases and at a point equidistant between 
them, the polygon so formed is known as the middle section 
of the prismoid. 


96. Volume of Prismoid.—In calculating the volume 
of a prismoid the perimeter of the middle section is an impor- 
tant factor. Its length is found by means of the following 
rule: 
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Rule I.—Find one-half the sum of each pair of corre- 
sponding sides of the bases. The sum of these results gives 
the length of the perimeter of the middle section. 


The meaning of this rule will be understood by referring to 
Fig. 64. Thus, the sides of the middle section are found in the 
BEG 
————} the 

2 
side Q R=56 as the vertex of the triangle has no dimension; 

GIP ED HF+DA 

the side R ieee BEIT and the side Sa AE 3 aes The 
perimeter of the middle section is equal to the sum of the 
values found for the sides. 

The volume of the prismoid may now be found by means 
of the following rule and formula, known as the prismoidal 
formula: 


following manner: The side P Q is equal to — 


Rule II.—The volume of a prismoid is equal to one-sixth 
of the product obtained by multiplying the altitude by the sum 
of the area of the lower base, the area of the upper base, and 
four times the area of the middle section. 


The latter rule may also be expressed as follows: 


lower ee wan 


Volume =% (altitude) X ( ace Pkbaxe section 


ExampLe—Find the volume of the prismoid shown in Fig. 65, if the 
altitude is 14 inches and other dimensions are as indicated. 


Sotution.—In the illustration the triangle P Q R is the middle sec- 
‘tion. The sides of this triangle are found by means of rule I. Thus, 
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AB+DE_13+4_ 


PQ= 8.5 in 
2 2 

9 paP ee FEI 5 ze 

R pie f_Ot8 215 in. 


The areas of the triangles 4 BC, DEF, and PQ R are calculated by 
the rule of Art. 65, which gives area of A B C=240 sq. in, area of 
D E F=24 sq. in., and area of P Q R=105.2 sq. in., nearly. According 
to rule II of this Article, the volume of the prismoid is 


&X14X (240+24+4 xX 105.2) =1,597.9 cu. in., nearly. Ans. 


9%. General Application of Prismoidal Formula. 
The prismoidal formula explained in Art. 96 is used exten- 
sively in practice. It applies not alone to prismoids, but also 
for calculating the volume of a prism, pyramid, cylinder, cone, 
frustum of a pyramid, frustum of a cone, sphere, or segments 
of a sphere, in addition to the irregularly shaped bodies to 
which it is usually applied. 

When the formula is applied to a pyramid and cone the 
dimensions and area of the upper base are equal to 0; for a 
sphere the areas of the upper and the lower base are 0; fora 
prism and a cylinder the areas of the upper and lower bases 
and of the middle section are all equal. 


EXAMPLES FOR PRACTICE 


1. A rectangular tank 12 feet long, 8 feet wide, and 10 feet deep, 
inside measurements, is half full of water. How many cubic feet of 
water does it contain? Ans. 480 cu. ft. 


2. <A. box filled with sand has the dimensions 4 feet, 3 feet 6 inches, 
and 2 feet 6 inches on the inside. How many pounds of sand does it 
hold, if the sand weighs 96 pounds per cubic foot? Ans. 3,360 Ib. 


3. A forged steel shaft 9 inches in diameter and 10 feet long has a 
hole 44 inches in diameter through it from end to end. If forged steel 
weighs .283 pound per cubic inch, what is the weight of the shaft? 

Ans. 1,620 Ib. 


4. How many cubic feet are contained in a foundation wall that is 
20 feet long, 8 feet high, and 2 feet thick? Ans. 320 cu. ft. 
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5. What is the volume of a cylindrical oil tank 3 feet in diameter 
and 6 feet 6 inches high? Ans. 45 cu. ft. 1,635 cu. in. 


6. What is the capacity of a tool box, which, measured on the 
inside, is 2 feet 3 inches long, 18 inches wide, and 1 foot deep? 
Ans. 3 cu. ft. 648 cu. in. 


7. Considering only its outside dimensions, what is the volume of a 
ball float with a diameter of 224 inches? Ans. 5,964 cu. in. 


8. The diameters of the upper and lower bases of a conical frustum 
are 8 and 10 feet, respectively. If the altitude is 12 feet, what is the 
volume of the frustum? Ans. 766.55 cu. ft. 


9, Ifa tank had the dimensions of the frustum in question 8, how 
many gallons of water would it hold, one gallon being equivalent to 
231 cubic inches? Ans. 5,734.2 gal., nearly 


10. The cavity of a mold is 20 inches long, 4 inches wide, and 

4 inches deep. If a lead casting is made in this mold, what would be 
its weight, the weight of lead being .41 pound per cubic inch? 

Ans. 131.2.Ib. 


PROBLEMS FOR PRACTICE 


CALCULATIONS OF MATERIAL, WEIGHT, 
AND TAPER 


CALCULATING LENGTH OF STOCK 


98. Forging Problems.—At times it is difficult to esti- 
mate the amount of stock required for a certain job. For 
instance, a blacksmith may have in stock iron bars of a certain 


Fie. 66 


size, that are to be used for making some bars of a smaller 
size. As the length of stock required will be correspondingly 
shorter, it will be advantageous to know what length of stock 
to allow. 
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In Fig. 66 (a) is shown a piece of square stock that is to be 
forged into the form shown at (b). The ends a of the finished 
piece are of the same size as the original square bar at (a), 
but the middle part b is round, instead of square, and is con- 
siderably longer and smaller than the middle part of the square 
stock. The problem then is to find how much square stock to 
allow, so that, when it is hammered out into the long, round 
part D, this part will be of the required length. The rule to be 
used is as follows: 


Rule.—Calculate the volume, in cubic inches, of the part 
that 1s to be made from the stock and divide it by the area of 
the end of the bar stock, in square inches. The quotient is the 
length of stock required. 


If the finished piece is to be shorter and thicker than the bar 
stock, the same rule can be used. 


Examp te 1.—A forging like that shown in Fig. 66 (b) is to be made 
from a piece of bar stock 3 inches square. If the dimensions of the 
forging are to be as shown 
in Fig. 67, what length of 


stock is required? re 
SoLtution.—The ends of i ecere 5) ve ey 
the forging are of the Lise (6°34 


same size as the bar stock, 

that is, 3 in. square, and peeve 
each is 34 in. long; therefore, it will take 2X34 in.=7 in. of stock for 
the ends. The middle part is a cylinder 2 in. in diameter and 15 in. long. 
The volume of this part, therefore, is, by the rule of Art. 84, 


7854X2?X 15=47 cu. in. 


2Wia 
o 


The area of the end of the bar stock, which is 3 in. square, is 
3X3=9 sq. in. Then, by the rule of this article, the length of stock 
required for the middle section of the forging is 


47--9=5.22 in., or 54 in., very nearly 


That is, a piece of 3-in. square stock 54 in. long, when hammered 
down to a round piece 2 in. in diameter, will be 15 in. long. The total 
length of bar stock required for the forging, therefore, is the sum 
of that needed for the ends and that needed for the middle part, or 


7+54=123 in. Ans. 
Ter Toc0—17 
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Examp.e 2.—A forging is to be made, of the shape shown in Fig. 68, 
from a round J-inch bar. The central portion, which is 18 inches long, 
is the same size as the bar, but the two ends are upset until their diam- 


eters are increased to 14 inches. If each of the upset parts is 6 inches 
long, how much stock should be allowed for? 


Nore.—When a red-hot bar of iron is hammered on one end in a longitudinal 
direction, it becomes shorter and thicker, and it is then said to be upset. 


Sotution—A cylinder 14 in. in diameter and 6 inches long has, 
according to the rule in Art. 84, a volume of .7854X1.25°K6=7.363 cu. 
in. The volume of the two ends is 2X7.363=14.726 cu. in. 

The area of the end of the bar stock, which has a diameter of 
1 inch, is .7854X1°=.7854 sq. in. Then, according to the rule of this 
article, the length of stock required for the end portions is 14.726 
+.7854=18.75 in. The total length of bar stock required is equal to 
the sum of that needed for the middle part and for the ends, or 


18+18.75=36? in. Ans. 


CALCULATION OF WEIGHTS 


99. Method of Estimating Weight.—It often becomes 
necessary to calculate the weight of a body whose dimensions 
are known but which cannot conveniently be put on scales to be 
weighed. For instance, suppose that it is desired to estimate 
the weight of a casting that has not been made. From the 
drawing it is possible to obtain all the dimensions of the casting. 
Then, by the principles of mensuration given previously, the 
volume of the casting can be found. After the volume is 
known, it is multiplied by the weight of a unit volume of the 
material, and thus the weight is obtained. Sometimes, castings 
or forgings have intricate shapes; but usually it is possible to 
consider them as made up of a combination of cylinders, 
spheres, rectangular prisms, cones, etc. The volume of each of 
these is calculated and the total is the approximate volume of 
the piece. 


AVERAGE WEIGHTS 


TABLE II 


OF MATERIALS 


Bis een ies 232/22. 
Material ae ef 29 3 Material ae = ae 3 
33 [ooo cae lose 
EO |EO Por eo 
Dry Woods Metals—(Cont.) 
Wise.) -A5” | 0260 || Brass castings | 510 | -295 
Beech 46 | 0266 || Brass, rolled. .). 518 | .300 
Birchinek. 2! AT 0237 DRONE Ge etad 527 SOkOn 
Box 2 oP aotosit “Coppery.2 es 40) 530-1818 
Cedar BO eO220 Nee ItOn, Castace.. 450 | .260 
CHCIEY oie csce AI | .0237 || Iron, wrought.|; 480 | .278 
Chestaite nen | =354 1.02033|| “Lead. taweansan TIOaN ea ATol 
OR oe caer lt PAW | £OO8L Steel castings .| 480 | .278 
oui ees, ct 38 | .0220 || Steel, forged..| 490. | .283 
ite todta ce: oy sl .Oetal | SEA s ATs 458 | .265 
Hemlock ....| 24 | .0139 || Zinc castings..| 432 | .250 
Hickory =: 2+ 48 | .0278 |) Zincsheets ...| 450 | .260 
Lignum vite.| 62 | .0350 || Miscellaneous 
Mahogany...| 51 | .0287 || Cement, loose.| 92 
Mapless...2.. 42 | 0243 || Cement in 
Oak; red:.....>.. 46 | .0266 barrel... acas 115 
Oak, white..| 48 |.0278 . 120 to 
Pine, white..| 28 | .o162 one oe | 155 
Pine, yellow.) 38 | .0220 Harte dood: | F210. 
Romer As wu. 30 | .o174 80 
Spruce ..... Pl) 28 e162 |) Earth: | go to 
Wrainut. 1... 36 | .0208 rammed...|| 110 
Willow...... BAP lm OLOy aerate Aah 90 to 
Metals IIO 
Aluminum =o] S167. We.O90 aandeweet ? 118 to 
Antimony ...| 420 | .243 130 
‘Babbitt metal] 466 | .270 


47 
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100. Weights of Materials.—In finding the weight of 
a machine part, the volume is usually calculated in cubic 
inches. This volume must then be multiplied by the weight of 
the material per cubic inch, to obtain the weight of the body. 
If the volumes are calculated in cubic feet, the weight per 
cubic foot is used. To enable the weights of bodies to be cal- 
culated, the weights of a number of different materials are 
given in Table III, in pounds per cubic foot and per cubic inch. 
The method of using the table is shown in the following 
examples : 

Examp Le 1.—A hollow box-shaped casting has outside dimensions of 
18, 10, and 6 inches, and inside dimensions of 16, 8, and 4 inches. What 
is its weight, if it is a steel casting? 

Sotution.—The first step is to calculate the volume of the casting. 
This is the difference between the volume represented by the outside 
and inside dimensions. The volume of a solid 18 in. by 10 in. by 6 in. is 
18X10X6=1,080 cu. in., and that of a solid 16 in. by 8 in. by 4 in. is 
16X8X4=512 cu. in. Then, the volume of the casting is 1,080—512 
=568 cu. in. According to Table III, a cubic inch of steel casting 
weighs .278 lb. Therefore, the weight of the casting is 

568X.278=158 lb., nearly. Ans. 

ExampLe 2.—Find the weight of a cast-iron bracket like that in 
Fig. 69 (a), having the dimensions shown in (b). 

Sotution.—The bracket may be considered as being made up of three 
parts, two of which are rectangular prisms, and the other of which is a 


o__h 


et 


Fic, 69 


triangular prism. One rectangular prism has a length ad of 8 in, a 
width cd of 7} in. and a thickness ae of 14 in. Its volume, therefore, 
is 8X74X14=90 cu. in. The other rectangular prism has a width ab of 
8 in, a height af of 93—13=8 in., and a thickness gh of 13 in, so its 
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volume is 8X8X13=96 cu. in. The bracing web has the shape of a 
right triangle whose base ci is 7$—14=6 in., and whose altitude ig is 
0x8 __ 


93—14=8 in. Its area is therefore 24 sq. in. As the thickness is 


13 in., the volume of the triangular prism, according to the rule of 
Art. 84, is 24X14=36 cu. in. There are four holes each 1 in. in diam- 
eter and 13 in. long; so the amount of metal cut out by each is the 
volume of a cylinder 1 in. in diameter and 13 in. long. The area of the 
base is the area of a l-in. circle, or .7854X1?=.7854 sq. in. Then, by 
the rule of Art. 84, the volume of one cylinder is .7854X14 
=1.1781 cu. in. As there are four holes, their volume is 4X1.1781 
=4.7 cu. in., approximately. The actual volume of the bracket, there- 
fore, is 90+96+36—4.7=217.3 cu. in. According to Table III, a cubic 
inch of cast iron weighs .260 lb. The weight of the bracket, therefore, is 


217.3 X .260=564 lb., very nearly. Ans. 


Examp.Le 3.—What is the weight of a forged steel shaft of the 
form and dimensions shown in Fig. 70, the end d being square. 


Sotution.—The shaft may be considered as being made up of a 
cylindrical piece a that is 1 in. in diameter and 23 in. long, a cylinder b 


| lace ees 92" ria? ins as Tee] 
Te eae 


14 in. in diameter and 9? in. long, a frustum of a cone with bases 1 in. 
and 13 in. in diameter and 2 in. long, and a prism #? in. square and 
14 in. long.. According to the rule of Art. 84, volume of part a 
=.7854X 1?X23=1.96 cu. in. and volume of part b=.7854X (14)?X9? 
=17.23 cu. in. 

The part c is a frustum of a cone. The area of the smaller base is 
7854 X (14)’?=1.23 and that of the larger base is .7854X (14)*=1.77 cuin. 
Then, by the rule of Art. 91, the volume of the frustum is 


[ (12X13 X.7854) +1.23-+1.77] X3= (1.47+1.23+1.77) X3=2.98 cu. in., or 


3 cu. in., nearly 


bay 


The volume of the rectangular solid end d, according to the rule of 
Art. 84, is 3X2X14=.8 cu. in. 

The total volume of the shaft, therefore, is 1.96+17.23+3+.8 
=22.99 cu. in., or 23 cu. in., nearly. 

According to Table III, the weight of a cubic inch of forged steel is 
3283 lb. The weight of the shaft, then, is 


23X .283=63 lb., nearly. Ans, 
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CALCULATION OF TAPERS 


101. Definition of Taper.—The term taper means a 
gradual and uniform increase or decrease in the width or 
diameter of a piece from one end to the other. The taper is 
usually expressed by stating how much the width or diameter 
of the piece increases or decreases per inch or per foot of 

length. Thus, if the 
.| piece shown in Fig. 
*"71 (a) is 1 inch long, 
3 inch wide at one 
end, and 2 inch wide 
at the other, the taper 
is 3—8=t inchin 1 inch, or 4 inch per inch. Ifthe pieceshown 
in (b) is 1 foot long and its diameters at the ends are 44 inches 
and 4 inches, the taper is 44-—4=4 inch per foot. The taper 
may be expressed in inches per inch or in inches per foot, as 
desired. 


102. Finding the Taper.—lf the length and the end 
dimensions of a piece are known, the taper may be found by 
the following rules: 


Rule I.—To find the taper in inches per foot, divide the 
difference of the end dimensions, in inches, by the length of the 
piece in feet. 


Rule II.—To find the taper in inches per inch, divide the 
difference of the end dimensions, in inches, by the length of the 
ptece in inches. 

ExAmp Le 1.—A tapered bar 23 feet long is 48 inches wide at one end 
and 4 inches wide at the other. What is the taper per foot? 

So_urion.—By rule I, the taper is 

(48—4) +23=3X2=tH in. per ft. Ans. 

EXAMPLE 2.—A round tapered piece 8 inches long has diameters of 
18 and 2% inches at the ends. What is the taper per inch? 

Sotution.—By rule II, the taper is 

(28-13) +8=3X$=% in. per in. Ans. 
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103. Finding Dimensions From Taper.—Sometimes 
the dimension at one end of the piece and the taper are given 
and the dimension at the other end is to be calculated. This 
may be done by the following rules: 


Rule I.—To find the dimension at the large end, multiply 
the length of the piece in feet (or in inches) by the taper per 
foot (or per inch) and to the product add the dimension at the 
small end, 


Rule I1.—To find the dimension at the small end, multiply 
the length of the piece in feet (or in inches) by the taper per 
foot (or per inch) and sub- 
tract the product from the aa ee eee 
dimension at the large end. ls ati ee 

ARIE, I Sea era 


Fie. 72 


ExaAMp_Le 1.—The piece shown in 
Fig. 72 has a taper of $ inch per 
foot, is 42 inches wide at the small end, and is 2 feet 3 inches long. 
What is the width at the large end? 


Sotution.—By rule I, and remembering that 2 ft. 3 in.=24 ft., 

24Xt=4 Xb=s2 

Then, the width at the large end is 

32+43=5e2 in. Ans. 

Exampie 2.—A piece 16 inches long has a taper of 4 inch per inch 
and is 72? inches in diameter at the large end. Find the diameter at 
the small end. 

SoLution.—By rule II, 

16X4=—4 

Then, the diameter at the small end is 

73—4=37in. Ans. 


COMMERCIAL CALCULATIONS 


(PART 1) 


SPECIAL METHODS IN APPLICATION OF 
FUNDAMENTAL RULES 


1. At this point the student should be able to apply with 
ease the fundamental rules of arithmetic and to perform all the 
operations with fractions, both common and decimal. The 
first essential of an accountant is accuracy. A result obtained 
in any calculation is worthless if it is not correct. In business 
life a clerk or accountant whose work shows incompetency in 
this respect will not be tolerated. Speed ranks in importance 
next to accuracy. A man’s services are valued according to 
what he can accomplish. <A rapid and accurate accountant is, 
of course, preferred to the man who makes calculations slowly. 

We shall now take up some principles which are supplemental 
to those treated in the preceding Sections, and which, if fol- 
lowed, will be a great aid to one wishing to attain accuracy and 
rapidity. 


RAPID ADDITION 


2. There is scarcely anything more useful to the book- 
keeper and business man than the ability to add rapidly and 
correctly; but this can be acquired only by persevering prac- 
tice. Any time employed in practicing addition will be well: 
spent. If the student will practice addition ten or fifteen min- 
utes daily for a month or so, he will be greatly benefited. 

In order to become expert in adding, it is absolutely essen- 
tial that when two figures, are seen or heard pronounced, the 
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student can instantly give their sum. Thus, 15 should suggest 
itself as soon as 6 and 9, or 8 and 7, are seen or heard pronounced. 
It should not be necessary to say mentally, 6 and 9 is 15, but 
6, 15, the 9 not being pronounced either mentally or orally. 
(In no case should the student contract the habit of adding 
aloud; it is not necessary, and it is a very difficult habit to 
break.) 

In adding 5, 6, 1, 9, 7, 5, 2, 4, 8, 9, do not say 5 and 6 is 11, 
and 1 is 12, and 9 is 21, etc., but think 5, 11, 12, 21, 28, 33, 35, 
39, 47, 56, repeating the sums about as fast as they can be 
pronounced. 


38. To add rapidly, it is necessary for the student to become 
accustomed to group the figures of a column and add the sums 
of the groups. It is most convenient to choose the groups, 
as far as possible, so that the sum of each group shall be either 
10 or 20. An example will show how this is accomplished: 
Commencing at the bottom of the column, we see at 


; once that 1 and 9 form a group whose sum is 10; hence 
of we mentally say 2, 12 instead of 2, 3, 12. Now 
5 the next two digits, 5 and 3, we group together, and 


8 instead of adding 5 and 8 separately, we add the sum, 8. 
} The next two figures, 4 and 6, form a group whose 
6 sum is 10, and so do the next two figures, 2 and 8. 

{ Looking now at the four figures at the top of the col- 


: umn, we readily see that 5, 2, and 3 form a last group 
5 whose stm is 10, leaving only the 9 outside of a group. 
0 In adding the column, we would repeat mentally 2, 


9 12, 20, 30, 40, 50, 59. Another grouping would read- 

{ ily appear to the skilful accountant; the 2 at the bot- 

9 tom and the 5 and 3 above the 0 form a group whose 

59 sum is 10. Recognizing this group, the mental addi- 
tion would be: 10, 20, 30, 40, 50, 59. 

This process of forming groups may be extended to include 
those whose sums are 15 or 20. By a judicious selection of 
the figures composing a group, its sum may usually be made 
either 10, 15, or 20, and these sums should always be sought in 
preference to others, since two 15’s make 30, and the numbers 
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10, 20, and 30 are added with little mental labor. 
Thus, in the following example, the grouping is shown 
by the braces. The mental addition is 15, 30, 37, 47, 
67, 72. After some practice, the student will be able 
to recognize a group whose sum is 10 or 20 almost 
instantly; he should persevere in the solution of 
examples until he is able to form the groups rapidly 
and with ease. It is not always possible to get con- 
secutive numbers which will form groups whose sums 
are 10, 15, or 20. Such groups, however, can often be 
found by skipping one or more figures in the column. 
For instance, in the following example, the first two 
figures, 7 and 3, make a 10, and skipping the fourth 
figure, 9, the third and fifth figures, 4 and 6, make 
another 10. Skipping the 8, the 3, 4, and 3 at the top 
of the colurnn make another 10, thus making three 
groups of 10 and the figures 9 and 8. In adding, how- 
ever, we should not leave the figures skipped to be 
added at the end of the operation, but should add them - 
as they occur. In this example, we would say 10, 20, 
29, 39,47. The order of adding may be shown by the 
following arrangement: 


10 10 10 
a emmy ———— ee 
7+3+6+4+9+3+44+3+8. 


The columns can be added from the top downwards 


if this order is preferred. 
The following examples may be used for. practice: 


(1) 
3 


SBWwoorwend uo 


(2) (3) (4) (5) 


13 S17 A 132 7, 13103 
ae 226 2632 61706 
92 232 1946 43285 
35 518 3217 39134 
64 396 1184 96286 
22 435 1936 45173 
30 707 2003 78135 
97 992 5114 26232 
18 311 976 19375 
33 417 5634 8428 


The answers are: (1) 36; (2) 481; (3) 4,551; (4) 25,769; (5) 430,857. 


4 * 
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4. It is frequently advantageous to be able to add hori- 
zontally, as it is termed; by this is meant the adding of several 
numbers as they stand in a horizontal row, without arranging 
the numbers in vertical columns. ‘Thus, 

123 +567 +792+221+546 =2,249. Ans. 

When adding in this manner, straight addition must be 
employed; i. e., the method of Art. 3 cannot be used. The 
process would be 6, 7, 9, 16, 19; 5, 7, 16, 22, 24:7, 9 tosehe 2. 
As an example of this method, consider the accompanying 
table, which is supposed to give, by days, the grain export, in 
bushels, of a certain city for one week. It is required to find 
the amount of grain exported each day, the total amount of 
each kind of grain exported during the week, and, finally, the 
total amount of grain exported during the week. 


Mon. Tues. Wed. Thurs. Fri. Sat. Totals 
Corny... 28,325 | 15,2860 | 35,715 | 29,128 | 75,183 | 46,217 | ***** 
Wikteat ities 24 35,719 | 41,719 | 50,108 | 32,546 | 59,275 | 81,126 | ***** 
@atseees acaon 12,136.) 9,287 | 18,265) 7,268 | -6,950) 17,230 | ****+ 
Barley. ae 18,230 | 15,738 | 21,375 | 15,928 | 19,263 | 13,637 | ***** 
RY Gy els sere 5,270 | 6829) 7,201 1.8254 7,825) 23.2605) “ee 
Neva 4. oak kK RK KK HRAKK KEKEK RAKE 

| 


The student should find the totals, and prove that the results 
are correct by adding the totals in the right-hand column and 
then adding the totals in the bottom row; the two results should 
be the same, namely, 757,270 bushels. The other results are: 
corn, 229,804; wheat, 300,493; oats, 71,086; barley, 104,171; 
rye, 51,716; Mon., 99,685; Tues., 88,759; Wed., 132,664; 
Thurs., 96,195; Fri., 168,496; Sat., 171,471. 


SPECIAL METHOD OF SUBTRACTION 
5. A method of subtraction which is called the making 
change method is frequently used. Suppose a customer hands 
the clerk a five-dollar bill in payment of a purchase amounting 
to $3.76. The clerk does not subtract $8.76 from $5 by the 
ordinary rules of subtraction but he adds enough to $3.76 to 
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make $5. He would count out 4 cents, two 10-cent pieces, 
and a dollar, since $3.76 and 4 cents is $3.80, $3.80 and 20 cents 
is $4, and an additionakdollar makes $5. To verify his reckon- 
ing he counts as he hands the customer the change—three 
seventy-six, three eighty, four, five—omitting to say dollars 
and cents, as these words are, of course, understood. A similar 
method may be used in written work. 

Thus, if the minuend is 8,453 and the subtrahend 844, the 
remainder is found as follows: 


minuend 8453 
subtrahend 844 


remainder 7609 Ans. 


Instead of subtracting 4 from 13, we add to 4 a number that 
will make 13; this number is 9, since 4 and 9 is 13. Write the 
9 and carry the 1, as in addition; then4+1=5. Since 5+0=5, 
for the next figure in the subtrahend we write 0, as shown. 
There is nothing to carry; hence, since 8 is greater than 4, we 
consider 4 to be 14, and find what number added to 8 will make 
14; this is 6, which we write below the line, as shown. We have 
1 to carry, but, as we have no figure in the subtrahend to add it 
to, we say 1 and 7 is 8, and write the 7 below the line, as shown. 

Again, consider the following example: 


minuend 10000 


subtrahend 8763 
remainder sie AnS. 


Here we say 3 and 7 is 10, and write the 7; then, 7 and 3 
is 10 (carrying the 1 and adding it to the 6), and write the 3; 
next, 8 and 2 is 10, and write the 2; finally, 9 and 1 is 10, and 
write the 1. The student may use whatever method of sub- 
traction he prefers, but it may be stated that the making-change 
method is becoming more and more popular. 


6. The method just described is particularly useful when it 
is desired to subtract from some number the sum of several 
numbers, the entire process being performed at one operation. 
For example, suppose it were desired to subtract the sum of 
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1,538, 512, 987, 645, 884, and 763 from 7,061. The work 
might be arranged as follows: 
1538 7061 minuend 
512 1732 Ans. 


We add the right-hand column, 3, 7, 12, 19, 29. We cannot 
subtract 29 from 1 in the minuend, but if 2 is added to 29 the 
sum will be 31, a number ending in 1. Hence, write 2 under 1 
and carry 3. Adding the second column, 3, 9, 17, 21, 30, 33; 
3 added to 33 makes 36; hence, write 3 under 6 and carry 3. 
Adding the third column, 38, 10, 18, 24, 33, 48; 7 added to 43 
makes 50; hence, write 7 under 0 and carry 5. Adding 5 to 
the 1 in the fourth column makes 6, and 6 and 1 is 7; hence, 
write 1 under 7. The difference between the sum of the num- 
bers and 7,061 is 1,732, the answer. 


EXAMPLES FOR PRACTICE 
In the following examples use the method just described. The work 
may be checked by adding the remainder in each case to the numbers 
added; the sum should be equal to the minuend. 
(1) (2) (3) 
33604 178884 81220 350915 21824 261132 


9775 21413 Ziaw 
11628 87526 24445 
84721 41284 94336 
5109 71733 8972 


Ans.—(1) 34,047; (2) 97,739; (8) 39,818. 


SPECIAL METHODS OF MULTIPLICATION 


7. A quantity may be multiplied by finding the continued 
product of the quantity and the factors of the multiplier. For 
example, a number can be multiplied by 12 by multiplying the 
number by 3 and the product thus obtained by 4. Multiplying 
a number and its products in succession by 4, 6, and 8 will 
produce the same product as multiplying the number by 192, 
the continued product of 4, 6, and 8. 
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8. To multiply by factors. 


ExAmPLe.—Multiply 2,972 by 192, taking the factors 4, 6, and 8, and 
test the result by multiplyirfg directly. 


SoLUTION.— 
2972 2972 
4 192 
11888 5944 
6 26748 
71328 2972 — 
8 570624 Ans. 
570624 Ans. 


In this particular problem no time would be saved by using 
the factors in multiplication. The principle can often be used, 
however, to shorten the operation and may be employed to test 
the accuracy of the product obtained by another method. 


EXAMPLES FOR PRACTICE 


(a) Multiply 536 by 56. 
(6) Multiply 763 by 24. 
(c) What will 54 horses cost at $185 each? 


Ans.—(a) 30,016; (6) 18,312; (c) $9,990. 


9. To multiply when one part of the multiplier is a 
factor of another part. 
EXxAmp Le. 1.—Multiply 1,728 by 93. 
SOLUTION.— 1728 
93 
5184 
3X5,184=15552 
160704 Ans. 


Instead of multiplying 1,728 by 9 in order to obtain the sec- 
ond partial product, multiply 5,184 by 3, as 3X3X1,728 
=9 1,728. We do so since it is easier for most people to 
multiply by 3 than by 9. 


i? 


8 COMMERCIAL CALCULATIONS | § 12 


EXAMPLE 2.—Find the cost of 324 acres of land at $28.75 per acre. 
SOLUTION.— $28.75 
324 


11500 
8X11,500= 92000. 


$9315.00 Ans. 


Observe that 32 equals 8 times 4. The work is shortened by 
multiplying 11,500 by 8 instead of multiplying 2,875 by 2 and 3 
according to the usual way. The example may be solved also 
by considering 324 as made up of the parts 3 and 24 or 3 and 


3x8. $28.75 
324 
8625 
8X8,625= 69000 
$9315.00 Ans. 


In using this method, it is necessary to place the first figure 
in any partial product directly under the right-hand figure 
of the corresponding multiplier. 


EXAMPLE 3.—Multiply 5,682 by 2,408. 


SOLUTION.— 5682 
2408 
4 
3x15400) i agaga 
or 245,682 J : 


13682256 Ans. 


In multiplying, notice that 24=3X8, and that the right- 
hand figure of the second partial product is written directly 
under the 4 of the multiplier. 


EXAMPLES FOR PRACTICE 


Multiply: 
(a) 3,859 by 567. (c) 3,741 by 824. 
(b) 6,492 by 364. (d) 9,753 by 864. 


Ans.—(q@) 2,188,053; (6) 2,363,088; (c) 8,082,584; (d) 8,426,592. 


1. An agent sells 273 vacuum cleaners for $23.75 apiece. What was 
the amount of the sales? Ans. $6,483.75 


2. What is the cost of 123 textbooks at $1.18 apiece? Ans. $145.14 
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10. To multiply by a number ending with the 
figure 1. 


Examp_Le.—Multiply 2,386 by 81. 

SOLUTION.— 2386 
19088 
193266 Ans. 


The first partial product equals 1*2,386=2,386; hence, it 
can be set down directly. The next partial product, which is 
8X 2,386 = 19,088, can be set down under the first according 
to the rules of multiplication. It is not even necessary to draw 
the line below the partial products, but such abbreviated 
methods showld not be used when one expects to have his 
work reviewed by some one else. In such cases the operations 
employed should be clearly indicated. 


11. To multiply by a number that is nearly a hun- 
dred or a thousand. 


EXAMPLE 1.—Multiply 2,872 by 499. 


SOLUTION.— 500 X2,872=1436000 
1X2,872= 2872 
1433128 Ans. 


We notice that 499 is 1 less than 500, which is a number easy 
to use as a multiplier. 500 times a number less 1 times that 
number is evidently 49¥ times that number. 


EXAMPLE 2.—Find the cost of 7974 yards of cloth at $2.624 a yard. 


SoLUTION.—We observe that 797% is 2% less than 800. 
800. $2.625 = $2100.00 
25 X2.625 = X10X2:625 = 6.5 6 
$2093.44 Ans. 


To multiply by 23, multiply by 10 and divide by 4, since 
3 equals 4°. 


EXAMPLES FOR PRACTICEH 


Multiply: 
(a) 1,234 by 999. (c) 5,246 by 91. 
(b) 5,987 by 798. (d) 1,234 by 9,995. 


Ans.—(a) 1,232,766; (b) 4,737,726; (c) 477,886; (d) 12,333,830. 
IL T 300—18 il 
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1. A man bought 97 yards of cloth at $1.25 a yard. How much did 
the cloth cost him? Ans. $121.25 


2. How much does a farmer pay for 195 bags of corn at $1.35 a bag? 
Ans. $263.25 


SPECIAL METHODS IN DIVISION 


12. In the study of fractions it has been shown that both 
terms of a fraction may be multiplied by or divided by any 
number and the value of the fraction will remain the same. 
Similarly in division we may multiply or divide the dividend 
and divisor by the same number without changing the value 
of the quotient. This principle can sometimes be applied with 
profit, as when the divisor is a mixed number or when the 
divisor may be factored. 


EXAMPLE 1.—A real-estate agent bought 183 acres of land for $4,000. 
What was the price paid per acre? 


SoLution.— 184)4000 
3 3 
55 )12000.000($218181o0r$21818 Ans. 
110 
100 
55 
450 
440 
100 
55 
450 
440 


100 
55 


We multiply the divisor and dividend each by 3 in order 
to clear the divisor of the fraction; 3x183=55, and 34,000 
= 12,000; 12,000 +55= 218.18. 


EXAMPLE 2.—Divide 1,000 by 32. 


SOLUTION.— 4)32 4)1000 
8 \eaioO 
214 Ans. 
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32 is divisible by 4; hence, we divide the divisor and dividend 
each by 4, and obtain 8 and 250. 250+8=311. We could as 
well divide by 8 and then by 4; thus, 


8)32 8)1000 
Sou pl AO, 
31% 


The advantage of this method is that we can reduce the 
divisor to a smaller number and then possibly use short division. 
In some cases the division can be performed mentally. 


EXAMPLE 8.—Divide 32,784 by 4,000. 


SOLUTION.— 4000)32.784 
8.196 Ans. 


We divide the divisor and dividend each by 1,000 by point- 
ing off three decimal places from the right. The divisor becomes 
4.000, or 4, and the dividend 32.784. By short division we find 
that 32.784+4=8.196. 

We observe that when dividing by a number ending in ciphers, 
the ciphers may be dropped and as many decimal places pointed 
off in the dividend as there are ciphers dropped. 


13. We will give another example to illustrate the use of 
this principle. 


ExAMPLE.—In a city of 30,000 inhabitants the assessed value of the 
property is $125,685,000. What is the average value of the property 
assessed to each person? 


SoLuTION.—The divisor ends in four ciphers, which may be dropped 
if four decimal places are pointed off in the dividend. 
3)125685000 
$4189.50 Ans. 


EXAMPLES FOR PRACTICE 
Divide: 
(a) 2,256 by 53. 
(b) 34,678 by 2,000. 
(c) 8,300 by 37. 
Ans.—(a) 41077; (6) 17.339; (c) 1,050. 
.* 
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14. Short Method of Subtracting a Product.—It is 
frequently necessary to multiply a number by a single digit 
and then to subtract the product from another number. This 
is most conveniently done as in the following example, in which 
314,159 is multiplied by 7 and the product is subtracted from 
7,208,451. 

314159 7208451 minuend 
7  §0093888 Ans. 


EXPLANATION.— %7X9=63; 63 cannot be subtracted from 1 
in the minuend, so we add the smallest number to 63 that will. 
make the sum end with 1. This number is evidently 8, since 
638-+8=71; hence, write 8 under 1 and carry 7. Then, 7X5 
= 35, and 7 is 42; 42 and 3 is 45; write 3 under 5 in the minuend, 
and carry 4. Then, 7X1=7, and 4is11;11and3is14. Write 
3 under 4 and carry 1. 7X4=28, and 1 is 29; 29 and 9 is 38. 
Write 9 under 8 and carry 3. 7X1=7 and 3 is 10; 10 and 0 is 
10. Write 0 under 0 and carry 1. 7X3=21, and 1 is 22; 22 
and O0is 22. Write O under 2 andcarry2. 2and5is7. Write 
5 under 7. The result, 5,009,338, is the answer. 


SHORT METHOD OF DIVISION 


15. The following method saves about half the figures 
over the usual method, and we think that there will be fewer 
mistakes made when using it. 


ExampLEe.—Divide 39,913,910 by 5,494. 


dividend divisor 
SOLUTION.— 39913910) 5494 
14559 7265 quotient 
Sd) 7a eal 
27470 
0000 


EXPLANATION.—The method of multiplication and subtrac- 
tion described in the last article is used in this case; the divisor 
is written on the right of the dividend, and the quotient under- 
neath the divisor. The different figures of the quotient are 
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obtained in exactly the same manner as by the preceding 
method. ‘Thus, the divisor is contained in the first five figures 
of the dividend 7 times, and 7 is written for the first figure of 
the quotient. Now, instead of multiplying the divisor by 7, 
writing the product under the first five figures of the divi- 
dend, and then subtracting, we multiply each figure of the 
divisor by 7 and subtract from the dividend, writing only the 
remainder. Thus, 7 times 4 is 28, and 5 is 33; write the 5 
under the 3 in the dividend, and carry 3. Then, 7 times 9 is 
63 and 3 is 66, and 66 and 5 is 71; write the 5 and carry 7. 
7 times 4 is 28 and 7 is 35, 35 and 4 is 39; write the 4 and carry 3. 
7 times 5 is 35 and 3 is 88, and 38 and 1 is 89; write the 1. Now 
bring down the next figure of the dividend, 9, and annex it to 
the remainder. 14,559+5,494=2; write 2 as the second figure 
of the quotient. Then, as above, 2X4=8, and 8+1=9; 
write the 1 under the 9, as shown. 2*9=18, and 18+7=25; 
write the 7 and carry the 2. 2*4=8, 8+2=10, and 10+5 
=15; write the 5 and carry the 1. 25=10, 10+1=11, and 
11+8=14; write the 3. Bringing down 1, the next figure of the 
dividend, 35,711+5,494=6, the third figure of the quotient. 
Proceed in the same way with the remaining figures. 

A fast computer would work as follows: In multiplying 
by 6, he would repeat to himself 6, 24, and 7 is 31 (writing 
the 7 and carrying the 3). 6, 54, 57, and 4 is 61 (writing the 
4 and carrying the 6). 6, 24, 30, and 7 is 37 (writing the 7 
and carrying the 3). 6, 30, 33, and 2 is 35 (writing the 2). 

The object of writing the divisor on the right is to make 
it easier to multiply by the figures of the quotient; it also 
saves space, as may readily be seen. ‘The student is strongly 
advised to learn this method thoroughly, and always to use it. 
The process may seem slow and confusing at first, but rapidity 
can soon be acquired. The best way to attain facility in 
division is first to practice dividing by small numbers, from 
2 to 12, and using the method of short division. After he has 
become proficient in this, he should practice long division by 
the method just described. 


Ve id 
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ALIQUOT PARTS 


16. Numbers that form simple fractions of another num- 
ber are called aliquot parts of the latter number. Thus, 
123 cents is an aliquot part of a dollar, since it equals } of 
a dollar. 

17. To multiply by a fraction of 100. 


EXAMPLE 1.—Find the cost of 2,876 cattle at $25 a head. 


SoLuTion.— 100X2,876=287,600; 25X2,S76= 


Since 25 is } of 100, we multiply by 100 and divide the 
product by 4. 

EXAMPLE 2.—What is the cost of 250 dozen pencils at 25 cents a dozen? 

SoLUTION.— 4)250.00 

$6250 Ans. 

Since the price of each dozen is 25 cents, or } dollar, we mul- 
tiply by 3, or what amounts to the same thing, we divide by 4 

EXAMPLE 3.—What is the cost of 84 penknives at 33} cents each? 

SOLUTION.— 3) 84 

$28 Ans. 


333 cents is 3 of a dollar, hence we multiply 84 by } by 
dividing 84 by 3. 
18. The fractions of 100 given in the following table are 


often met with in business transactions and should be 
memorized. 


24 = +4 of 100 10 = +5 of 100 373 = § of 100 
33 = yr of 100 123= $ of 100 50 = of 100 
4 = 34 of 100 163 = } of 100 62} = 3 of 100 
5 = 35 of 100 20 = + of 100 663 = 2 of 100 
6} = is of 100 25 = ¢ of 100 75 =2 of 100 
8 = +4 of 100 334= + of 100 S73 = $ of 100 
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EXAMPLE 1.—Find the cost of 3 dozen textbooks at 874 cents each. 


SoLUTION.— 3 dozen=36; 873 cents=4 dollar. 
9 7” 68 
Sees Se $31.50. Ans 
2 


EXAMPLE 2.—Find the cost of 2,875 pounds of sugar at 6% cents a 
pound. 


SoLUTION.— 6% cents=7¢ dollar, and since 16 is 4X4, we may divide 
by 4 twice. 
4)2875 
4) 71875 


179.6875 or $179.69. Ans. 
EXAMPLE 3.—What is the cost of 360 baskets of peaches ai $1.12% a 
basket? 


Sotution.— $1.123=$1}. 
8)360 
45 


$405 Ans. 


At $1 a basket, the cost would be $860; but, since the cost 
is $1+ $4, the entire cost 1s $360+4% of $360. 


EXAMPLE 4.—A merchant bought 225 yards of cloth at 663 cents a yard. 
What was the amount of the bill? 


SoLuTION.— 66% cents is 3 of a dollar. 


$150 Ans. 


At $1 a yard the cloth would cost $225; but, since the cost 
is 2 of a dollar=$1—$4, the entire cost is $225—4 of $225. 


EXAMPLES FOR PRACTICE 
1. What is the cost of 455 yards of cloth at 20 centsa yard? Ans. $01 


2. Find the amount received for 32 dozen eggs at 37% cents a dozen. 
Ans. $12 


3. A man earning $1.874 a day works 24 days in one month. How 
much did he receive for the month? . Ans. $45 
c+ 
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4. What is the cost of 12 dozen pairs of gloves at $1.25 a pair? 


Ans. $180 
5. Ifa boy earns 87% cents a day, how much will he earn in 96 days? 
Ans. $84 
6. At $1.33 each, what will 60 chairs cost? Ans. $80 


19. Use of Aliquot Parts in Division.—The aliquot 
parts of 100 can often be used to shorten the work of division. 


EXAMPLE 1.—A boy earned $4.75 in a week. His wages are 123 cents 
an hour; how many hours did he work? 


SoLution.— 123 cents=} dollar; 4.75+%=4.75X8=88 hours. Ans. 
EXAMPLE 2.—Divide 487,634 by 25. 


SoLuTION.—Since 487,634+ 25 =487,634+12° we may divide by 25 
by multiplying by 4 and then dividing by 100, or by dividing by 100 and 
multiplying the quotient by 4. The work would actually be performed 
as follows: 

487634 
4 


1950536 Ans. 
487,634 is divided by 100 by pointing off two decimal places. 


EXAMPLES FOR PRACTICE 


1. How many penknives at 333 cents each may be purchased for $60? 
Ans. 180 penknives 


2. The bill for a lot of cotton goods amounted to $6.75. If the goods 
cost 123 cents a yard, how many yards were there in the lot? 
Ans. 54 yards 


3. Ata cost of $1.123 a dozen, how many dozen handkerchiefs can be 
bought with $90? Ans. 80 dozen 


4, How many books costing $1.62} a piece can be purchased for 
$71.50? © ; Ans. 44 books 
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USEFUL APPLICATIONS 


20. Methods of Multiplying by a Mixed Number.—In . 
business transactions the multiplication of a mixed number by 
an integer, an integer by a mixed number, or a mixed number 
by a mixed number, is of very frequent occurrence. Unless the 
numbers are very small, which is not usually the case, it is very 
inconvenient to reduce the mixed numbers to improper frac- 
tions, multiply, and then reduce the product to a mixed number. 
A better way is to use one of the methods given below: 


Exampce 1.—Multiply 825 by 29%. 


SOLUTION.— First Method Second Method 
825 825 
294 293 
4)2475 2064 
618% 4124 
7425 7425 
1650 1650 
245432 Ans, 245434 Ans. 


EXPLANATION.— First Method: Since 2 of 825 is the same 
as + of 3 times 825, we first find 3 times 825 and take } of the 
product. We then multiply by 29 in the usual way, taking 
care to put the units place of 7,425 under the units place of 618. 

In the second method we divide 825 by 4, obtaining 206}. 
We then multiply 206% by 2 and write the product, 4123, 
directly below. The sum of 2063 and 4127 is evidently equal 
to ? of 825. 


EXAMPLE 2.—Multiply 86% by 1732. 


SoLUTION.— 863 
172 
8x86 = 644 
exiz= 104 
Xi = 33 
602 
17X86= {3 


18 COMMERCIAL CALCULATIONS §12 


In this case there are four multiplications made; 86 is mul- 
tiplied by 2; 17 by 3; 3 by 7; and 86 by 17. 


21. In actual practice a result is usually given to the near= 
est cent; hence, an accountant would make it a point to neglect 
fractions that would not affect the result. Again, calculations 
must be made rapidly and often mentally without recourse 
to paper and pencil. The following illustrates a method that 
would be used in mental reckoning: 


EXamPLe 1.—Find, to the nearest cent, the cost of 172 pounds of meat 
at 13% cents a pound. 


SoLUTION.— 17 Ib. @ 13¢=$ 22 1 
3 tb. @13¢= .10 nearly 
172 lb. @ 3¢= .09 nearly 
$2.40 Ans. 


Note.-—The characters lb., @, and ¢ are, respectively, thesymbols for pounds, at, and cents. 


We first find the cost of 17 pounds at 13 cents a pound, then 
of ? of a pound at the same price. The sum of the two products 
will equal the cost of 17? pounds at 13 cents. We next find the 
cost of 17% pounds at } cent. The entire sum is the cost of 
172 pounds at 133 cents a pound. A clerk in making the cal- 
culations would merely set down the numbers 221, 10, and 9 
as he computed them. 


EXAMPLE 2.—Find, to the nearest cent, the cost of 12 pounds 7 ounces 
of chicken at 23 cents a pound. 


SOLUTION.— 1I25.23—= 2.76 
q5X.23= 10 
$2.86 Ans. 


The cost of 12 pounds has been found first. An ounce is 
zs of apound. The cost of 7 ounces at 23 cents could be found 
easily as follows: 8 ounces, or $ pound, will cost 114 cents, 
and 1 ounce will cost about 13 cents; hence, the cost of 7 ounces 
will be 1} cents less than 114 cents, or 10 cents. 


22. A bookkeeper will find that in actual service he will 
need to use certain prices and quantities more than others. 
By the familiarity obtained from practice, he will soon learn 
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“by heart’’ the products of the principal combinations used. 
He will, also, by a little ingenuity devise means of handling the 
less frequent cases presenting more than the average difficulty. 


EXAMPLES FOR PRACTICE 


1. Find the cost of 892 yards of silk velvet at $43 per yard. 
Ans. $42513 


2. How much must be paid for 83% tons of hay at $163 a ton? 
Ans. $1,3883°5 


3. How far can a man ride on a bicycle in 14% hours at the rate of 


92 miles per hour? Ans. 1443 miles 
4. Find the products of: 
(@) 282x174. (d) =8642z < 785. 
(6) 44¢x163. (e) 532x273. 


(c) 127% 697. 
Ans.—(a) 5103; (b) 74424; (c) 8,854; (d) 6,8094%; (e) 1,4783. 


23. To find the cost of articles sold by the hundred 
or the thousand. 


ExampLe.—Find the cost of 1,685 pounds of sugar at $5.35 a 
hundred. 


SoLuTION.— 1,635 equals 16;%°5 hundreds or 16.35 hundreds. Since 
each hundred costs $5.85, the entire cost is equal to the product of 16.35 
and $5.85. The operation is performed as follows: 


16.35 
5.3 € 
8175 


4905 
8175 


87.4725 or $87.47. Ans. 


Ai 


24. Rule.—i. To find the cost of articles sold by the hun- 
dred, point off two decimal places in the quantity and multiply 
by the price per hundred. 


I. To find the cost of articles sold by the thousand, point off 
three decimal places in the quantity and multiply by the price 
per thousand. 
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Examr.e 1.—A builder bought 28,960 feet of cypress lumber at $65.50 a 
thousand feet. What was the amount of the bill? 


SoLuTIoN.—Point off three decimal places in 28,960 and multiply by 


the price. 
28.960 
6 5.50 


1448000 
144380 
17376 


1896.88000 or $1,896.88. Ans. 


To check the result mentally we may find the cost of 
30 thousand feet at $65. 30*65=$1,950. This result would 
indicate that there was no great error in the original solution 
such as that due to a misplaced decimal point. 

The work may be checked, also, as follows: 


29 thousand feet at $65.50 =$1899.50 
40 feet at $6.55 per hundred = 2.62 


$1896.88 


EXAMPLE 2.—The tax ina certain city is $18.95 on each $1,000 of the 
valuation of property. What is the tax on a property valued at $11,200? 


SOLUTION.— 11.2 $18.95 =$212.24. Ans. 


25. A bookkeeper is, of course, not expected to use several 
methods in the same class of problems, yet he should be able 
to select the best method for his particular class of work. 


26. To find the cost of material sold by the ton of 
2,000 pounds. 


ExAmpeLeE 1.—What is the amount of the bill for 48,760 pounds of coal 
sold at $6.75 a ton? 


48.760 


SoLuTION.— 48,760 pounds = = 24.38 tons. 


24.38 X 6.75 = 164.565, or $164.57. Ans. 


The student will observe that pounds can be changed to tons 
of 2,000 pounds by pointing off three decimal places in the 
pounds and then dividing by 2. 
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EXAMPLE 2.—Potatoes are sold in some localities by the ton. What 
should a farmer receive for 1,760 pounds of potatoes when the price is 
$14.75 a ton? 


SOLUTION.—The work may be set down as follows: 


2) 1.760 14.75 
88 88 
11800 

11800 — 

12.9800 


The required amount is $12.98. Ans. 


27. When prices are quoted by the ton of 2,000 pounds, it 
is sometimes most convenient to reckon the cost on the hundred 


pounds. 


EXAMPLE.—What is the cost of 740 pounds of poultry feces at $34.40 
per ton? 


SOLUTION.—The price per hundred is $34.40+20= $1.72. 


7X$1.72=$ 1 2.0 4, the cost of 700 lb. 
40 X $1.72 = .6 9, the cost of 40 lb. 


$12.73 Ans. 


The result may also be obtained as follows by the method given 
in Art. 26. 


2).740 34.40 
37 37 
24080 

10320 
127280 


Therefore, the cost of the feed will be $12.73. Ans. 


EXAMPLES FOR PRACTICE 


1. At $3.25 per hundred, what must be die for 3,485 feet of Georgia 
pine? Ans. $113.26 


2. What will be the cost of 1,400,345 bricks at $7.75 a thousand? 
Ans. $10,852.67 


3. Find the retail price of 7,884 pounds of coal at $6.75 a ton. 
Ans. $24.92 


a?" 
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CONSTRUCTION OF TABLES 


28. A bookkeeper who is required to multiply by the same 
number frequently should make a table, giving the products 
of this number and each figure to 10 or more. For example, 
a coal dealer selling coal at $6, $6.50, and $6.75 per ton would 
arrange a table as shown below and. thus save himself much 
labor. 


Price per Ton Price per Ton 
Pounds Pounds 

$6.00 | $6.50 | $6.75 $6.00 | $6.50 | $6.75 
100 30 38) 34 1,100 BBO) | 3.508 sare 
200 .60 65 .68 1,200 3-600) $3.00 3} P05 
300 ere) OSM LOL 1,300 2.90) \)) 4.23 eso 
400 1-2 Opsleies Oun elins 5 1,400 4.20 | 4.55 | 4.73 
500 iakyeye || aes: || aaders: 1,500 4.50 | 4.88 | 5.06 
600 ies) |) Tey Il BxoR 1,600 4.80 | 5.20 | 5.40 
700 2012. 285 62.80 1,700 SOM Soe asaya 


800 2°40) | 2.COme2o7.O 1,800 5.40 | 5.85 | 6.08 
900 Belg) db AR || loys 1,900 5.70 | 6.18 | 6.41 
1,000 2.OOM Gee 5 alesse 2,000 6.00 | 6.50 | 6.75 


EXAMPLE.—Find by the table the cost of 1,565 pounds of coal at 
$6.75 a ton. 


SoLuTiIon.— 1500 pounds cost $5.06 
6 0 pounds (;5 of 600) cost 0 
5 pounds (zoo of 500) cost Or 


1565 pounds cost $5.28 Ans. 


29. By use of the table, a bill may be in excess of the exact 
amount by a cent, as one-half cent or more is called a whole 
cent. In case greater precision is required, the tables can be 
computed to tenths of a cent. 
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COMPLEX EXPRESSIONS 


SYMBOLS OF AGGREGATION 


30. The vinculum——, parenthesis (), brackets [], 
and brace { } are called symbols of aggregation, and are 
used to include numbers that are to be considered together; 
thus, 138—3, or 13 (8—3) shows that 13 is to be multiplied 
by the difference between 8 and 3. 


TCG ay 1a 5h = 65 
18X8—3=13X5=65 


When the vinculum or parenthesis is not used, we have 
138 X8—3=104—3=101 


81. When several numbers are connected by the signs +, 
—, X, and +, the operations indicated by the multiplication 
and the division signs are performed first, and the operations 
indicated by the addition and the subtraction signs are per- 
formed in order from left to right. 


EXAMPLE 1.—What is the value of 3+8—2+6? 
SOLUTION.— 3+8=11; 11—2=9;9+6=15. Ans. 
EXAMPLE 2.—Simplify 26—5+8X2. 


SoLuTION.—Here 8 is to be multiplied by 2, and the expression then 
becomes 26—5-+16, 
26—5=21; 21+16=37. Ans. 


EXAMPLE 3,—What is the value of 8X34—24+14? 


SoLuTION.—We observe that 8 is to be multiplied by 33 and that 24 is 
to be divided by 14. 8X33=28; 24+13=24X3=16. The expression 
may then be written 28—16, and 28—16=12. Ans. 

The student in explaining a problem may need to use expressions such 
as are given here and he should follow the rules. 

ae 
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EXAMPLES FOR PRACTICE 


Find the values of the following expressions: 


(a) (8+5—1)+4. (d) 144-5x24. 
(b) 5X24—32. (e) (1,691—540+559) +357. 
(c) 5X24+15. (f) 2,080+120—804—1,670. 


Ans.—(a) 3; (6) 88; (c) 8; (d) 24; (e) 10; (f) 210. 


REDUCTION OF COMPLEX FRACTIONS 


32. We have learned that a line placed between two num- 
bers indicates that the number above the line is to be divided 
by the number below it. Thus, 73* denotes that 18 is to be 
divided by 3. This is also true if a fraction or a fractional 
expression be placed above or below a line. 


Z fieansethateodeto pended 


— means that 3X7 
8 


16 


is to be divided by the value of — 


co J AIR 


is the same as +3. 


oo 


33. It will be noticed that there is a heavy line between the 
9 and the 3. This is necessary, since otherwise there would be 
nothing to show whether 9 is to be divided by 2, or $ is to be 
divided by 8. Whenever a heavy line is used, as shown here, 
it indicates that all above the line is to be divided by all below tt. 


34. <A fraction whose numerator or denominator is not a 
simple number is called a complex fraction. A complex 
fraction is reduced to its stmplest form by reducing the numer- 
ator and the denominator to their simplest forms and then 
dividing the former by the latter. 


262, 
EXAMPLE 1.—What is the value of Oe 


SoLuTION.—The numerator is 26X75X12=23,400; the denominator 
is 1—.10=.90. 23,400 
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EXAMPLE 2.—Simplify 


SoLuUTION.—The numerator becomes 


Be ff 
40 21 99 3,465 


gre 4 


Pah eS GUL" 
The denominator becomes — X== a 


The original expression now reduces to 


885 4 


3,465 243 3,465 16 1,540 
4 met = 4 245" 7 Wears Ans. 


35. In solutions like the preceding, the work may be short- 
ened by inverting each factor of the denominator instead of the 
product of the factors. Thus, inverting 24 and 2 and arranging 
the factors for continued multiplication 


LOee Todt 


A021 9. B yea oa0 , as before 


Sas AwolSe 279 Wi27 
In solving problems of this kind a person must use his own 
judgment as to the best method. In some cases it is advisable 
to reduce common fractions to decimals, and in other cases 
common fractions can be profitably used throughout the 
operation. 


EXAMPLES FOR PRACTICE 


Simplify the following: 


4)><10¢ X 26+ 202X343 X88 
@) Sexaixie’ © Taxa xis2 
6) HOS Xan x18 a) 157° X325 X 255 
1 es Gor ae O82 X384 X175 


Ans.—(a) 28%; (0) 80; (c) 6; (d@) 8433. 


ILT 300-19 
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CHECKING RESULTS 


FINDING A RESULT APPROXIMATELY 


36. The student in making calculations should be able to 
determine in some simple way whether or not his work is approx- 
imately correct. If he should find the amount of a bill of goods 
to be $500 when he knew from practical experience that such 
a bill would not be over $50, he would certainly realize that he 
had made a gross error. A bookkeeper, for example, who 
figures that 650 pounds of beef amounts to $600 will see that 
he is reckoning at a price of nearly $1 a pound, and that he 
has probably misplaced a decimal point. Many problems that 
involve considerable calculation to obtain the correct result 
can be checked up more or less roughly by the use of simple 
figures that are approximately correct. Thus, 263 pounds of 
metal at 18} cents a pound would amount to about $5, for 
at 20 cents the amount would be $5.30, and at 2 cents less per 
pound, that is at 18 cents, the amount would be 2x26} 
=53 cents less than $5.30, or $4.77. With a little further 
mental calculation the true result could be found. At 4 cent, 
26% pounds will cost 7 cents, to the nearest cent. The entire 
amount should be 4.77+.07=$4.84. Many an error on the 
part of an accountant can be discovered by a little reasoning, 
which will show that the result is impossible. 


ExampLe 1.—Find approximately by mental calculation the value of 
127 X3¢ 
2 
SoLuTION.— 124X383} is nearly equal to 12X4=48; 48+27 equals 
approximately 48+3=16. Ans. 
If the result obtained by pencil and paper should differ widely 
trom 16, the fact would indicate a serious error. 
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EXAMPLE 2.—What will be the approximate cost to Jay a sidewalk 239 
feet long at 73 cents a foot? 

SOLUTION.—Say, for easy figuring, that the length is 240 feet and that 
the price is 75 cents or $2 afoot. Mentally, one would find that ? of 240 
is 180; hence, the approximate cost is $180. Ans. 


PROOFS BY CASTING OUT NINES 


37. The remainder obtained by dividing a number by 9 
may be found by adding the digits; if the sum contains more 
than one figure, add the figures of the sum; so continue until a 
sum is obtained that has but one figure. If this figure is 9, the 
remainder is 0; otherwise, it is the figure itself. Thus, take the 
number 6,877; this divided by 9 gives 764 for the quotient and 
1 for the remainder. Applying the principle just stated, 
6+84+7+7 =28; 2+8=10; 1+0=1, the remainder when 6,877 
is divided by 9. For 26,478, we have 2+6+4+7+8=27, 
2+7=9. This result means that the number 26,478 is a mul- 
tiple of 9; hence, when it is divided by 9, the remainder is 0. 
This process is called casting out nines; it is so called because 
all the nines are rejected from the number, only the remainder 
being considered. Thus, in the first case above, 764 nines were 
rejected (cast out) from 6,877, and the remainder was 1. 

If in adding the digits a 9 occurs, it need not be considered; 
or if two or more figures added together make 9, they may be 
neglected. For exampie, consider 364,982; here, since 3 and 6 
is 9, we need consider only the figures 4, 8, and 2. For, 3+6+4 
+9+4+8+4+2=32; 3+2=5; also, 4+8+2=14, and 1+4=5, the 
same result. 


38. The student will find the following test useful in deter- 
mining whether the answer in multiplication is correct: 


Find the sum of the digits in the multiplicand. If the sum 
consists of more than one figure, add the digits of the sum, and 
so continue until the sum is one figure. Do the same with the 
multiplier. Multiply together the final sums thus obtained, 
and if the result consists of more than one figure, add tts digits 


QP? 
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until one figure is obtained. If this result is the same as 1s obtained 
by adding the digits of the product until one figure is obtained, 
the work is probably correct. 


To illustrate, multiply 837,295 by 4,631. 


SOLUTION.— multiplicand 837295 
multiplier 4631 
product 3877513145 
PROOF.— 84+3+74+24+9+5=34;3+4= 7 
44+6+3+1=14;144=_5 
35; 3+5=8 


34+8+74+7+5+14+38+14+4+5=44; 4+4=8 


The proof given is not absolute, because two or more errors 
might cause the product to fulfil the conditions of the test. 
But if, on trial, the final sum of the digits of the product does 
not agree with that of the product of the final sums of the mul- 
tiplicand and the multiplier, it is certain that the work is 
incorrect. 


39. The principle of casting out nines may be applied to 
addition. The number remaining after all the nines are cast 
out of all of the figures in the terms to be added should be the 
same as the remainder in the sum. Take the following for an 
illustration: 

5368 
7397 
9243 
2878 
24886 

The remainder found by casting out the nines in the figures 
of the four terms to be added is 1. The same remainder is found 
in the sum; hence, the result is probably correct. 

To prove subtraction, cast out the nines in the remainder 
and subtrahend and see whether the sum of the remainders in 
these terms equals the remainder in the minuend. 

To prove division, cast out the nines in the divisor and the 
quotient; multiply together the remainders so obtained and add 
to the remainder in this product the figure left in the remainder 
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after casting out the nines. The result should equal the 
remainder in the dividend. Observe the following proof. 


2867 )834000(290 
5734 


26060 
Zoe) 3 


2570 remainder 


The remainder in 2,867 is 5; the remainder in 290 is 2; 
2%5=10; the remainder is 1; the remainder in 2,570 is 5; 
1+5=6. The remainder in 834,000 is also 6. Hence, the 
division is probably correct. 


PERCENTAGE 


40. One of the most commonly used arithmetical terms is 
per cent. For illustration, the profits of a business, the changes 
in prices, the proportionate parts of a number, are usually 
expressed as so many per cent. One per cent. of a number is 
one hundredth of that number; two per cent. is two hun- 
dredths; ete. One per cent. of 100 is 1, one per cent. of 200 
is 2. Two per cent. of 100 is 2, of 200 is 4. The symbol for 
per cents is %:; 5% is read 5 per cent. 


441. That part of arithmetic which treats of the compu- 
tation by hundredths is called percentage. 


ExampLte.—Wages in a mill are to be increased 10%. How much 
increase will a person receive who is earning $2 a day? 


Sotution.— 1% or one hundredth part of $2 is 2 ct., and 10% is 
10X2=20 ct. The increase is, therefore, 20 ct. a day. Ans. 


42, When the symbol % is written after a number and it is 
desired to drop the symbol, the number should be changed to 
a fraction whose denominator is 100. For example, 5% may 
be written either as a common or a decimal fraction, ;3g or .05. 

As just illustrated, a number of per cent. may be written 
in any of these ways, and the student is cautioned against 
making the error of using two methods at the same time; thus, 
5% should not be written .05%, as the latter means zp of 1%. 


>" 
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EXAMPLES FOR PRACTICE 


The following examples are to be solved mentally. Write down your 
answers and when the work is completed compare your answers with 
those given at the end of the exercise. 


Find: (a) 1% of 300. (j) 100% of 600. 
(b) 5% of 300. (k) 34% of 800. 
(c) 10% of 300. (1) 33% of 1,200. 
(d) 25% of 300. _ (m) 10% of 350. 
(e) 10% of 700. (n) 150% of 400. 
(f) 15% of 400. (0) 89% of 100. 
(g) 1% 0f250. (p) 1% of 1,800. 
(h) 49% of 250. (q) 1% of 1,850. 
(7) 50% of 1,000. (vr) 1% of 70,000. 


Ans=(a) 3; (b) 153 (ce) 30; (d) 75; (Ce) 703 GY Gs GY 25; 
(h) 10; (i) 500; (7) 600; (&) 28; (1) 45; (m) 35; (x) 600; (0) 89; 
(p) 18; (q) 18.5; (7) 700. 


43. The number of which the hundredth is taken is called 
the base. The number denoting the hundredths considered 
is called the rate. The result obtained by taking the portion 
of the number denoted by the rate is called the percentage. 
Thus, in finding 5% of 200, we get 10 as the result. In this 
particular example, 200 is the base, 5% is the rate, and 10 is 
the percentage. The base is always considered 
to be 100%. One hundredth part of the base 
is 1% of it, two hundredths of the base is 2% 
of it, etc. 


44, The circle shown in Fig. 1 is divided into 

Bre. three parts. In the large portion there is 35% of 
the circle, in the next smaller portion 7%, and in the smallest 
portion yoo of the circle. The figure shows to the eye what 
relation 50%, 35%, and 15% bear, respectively, to the whole, 
or 100%. 


Exampie.—A manufacturer bought 3,830 pounds of wool, in which 
there was a loss of 28% due to waste. How many pounds of waste 
were there in the lot? 

SOLUTION.— 1% of 3,830=8539=38.3 Ib. 

28% of 3,830=28X38.3=1,072.4 Ib. Ans. 
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instead of finding 1% first, then 28%, the result can be obtained directly 
by multiplying 3,830 by .28. Thus: 


PSD 

7 28 

30640 

7660 
1072.40 lb. Ans. 


45. Rule.—To find the percentage when the base and rate 
are given, write the rate as a decimal and then multiply the base 
by the rate. 


EXAMPLES FOR PRACTICE 
What is: 
(a) 7% of 1,860? 
(b) 15% of 1,326? 
(c) 329% of 1,850? 
Ans.—(a) 130.2; (b) 198.9; (c) 69.375. 


1. Ten years ago a city had a population of 125,000. The population 
has increased 12% since that time. How many inhabitants has it now? 
Ans. 140,000 
Note.—Find the increase and add it to the given population. 
2. A railroad’s receipts in a month were $567,800, of which 72% was 
for freight. What were the receipts for freight? Ans. $408,816 
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ALIQUOT PARTS IN PERCENTAGE 


46. When the rate per cent. is an aliquot part of 100 per 
cent., it is usually more convenient to use the equivalent frac- 
tion in computations. The principal aliquot parts are shown 
in the following table: 


Per Cent. Decimal Fraction i] Per Cent. Decimal | Fraction 
\| 
ee 02: ibe Oe ey I Bye. S 08% | 33, or 7 
eee eek 05° | eeor gs |) 1227. 125 | 4% or i 
LOW eee 10 | oo or ro | 16§%...... | 163 | zon or & 
7 Ae 25 0808 a) WBRUG4 ays 339) () eon 
OW Apam eee 50 Tog OF | By Ae 37q | 22 or = 
Rnb bacon 3% 1S. Wipe Oe 628%... 22. 625 | 223 or = 
GO ae 08% | ren or vs || 873%...-.- B76 | S88 ete 
| 


ExampLe 1.—What is 163% of 684? 
SoLtuTIoNn.— 163 7=4. 4 of 684=114. Ans. 
ExAmMpPLe 2.—A furniture dealer paid $48 for a dozen chairs which he 


sold at a profit of 25% on the purchase price. What was his profit and 
what price did he receive? 


SOLUTION.— 25%=4. 
4 of $48=$12, the profit. Ans, 
Selling price was $48+$12=$60. Ans. 
The student should become familiar with the most com- 
mon aliquot parts of 100, and use the fractions wherever pos- 
sible in percentage computations. 


EXAMPLES FOR PRACTICE 


Solve the following by aliquot parts: 
(a) What is 50% of 1,964? 

(b) What is 334% of $630? 

(c) What is 64% of 1,760? 
Ans.—(a) 982; (b) $210; (c) 110. 
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AMOUNT AND DIFFERENCE 


47. The amount is the sum of the base and the percentage. 


48. The difference is the remainder obtained when the 
percentage is subtracted from the base. 

49. The terms amount and difference are ordinarily used 
when there is an increase or a decrease in the base. For exam- 
ple, suppose the population of a village is 1,500 and it increases 
25 per cent. This means that for every 100 of the original 
1,500 there is an increase of 25, or a total increase of 15X25 
=375. This increase added to the original population gives 
the amount, or the population after the increase. If, on the 
other hand, the population decreases 375, the final population 
is 1,500—375=1,125, and this is the difference. The original 
population, 1,500, is the base on which the percentage is com- 
puted ; the 25% is the rate, and the increase or decrease, 375, 
is the percentage. If the base increases, the final value is the 
amount, and if it decreases, the final value is the difference. 


50. To find the relations existing between the amount or 
the difference and the base and the rate, let us consider an 
example. 


ExampLe.—In a factory where 2,100 men are employed, the force is 
increased 8%. How many new men are employed, and how many men 
are at work after the increase? 


Sotution.— 8% of 2,100=2,100*.08=168 men=number of new 
men employed. Ans. The total number of men after the force is 
increased is 2,100+ 168=2,268 men. Ans. 

In this example, the original number, 2,100, is the base, and 
the final number, 2,268, is the amount. For every 100 men 
originally in the shop, there are 8 more men, or 108 men, after 
the force is increased. 

We may consider the original force as 100%, and, as the 
increase is 8% of the original, the total force is 100% +8% 
=108%. 108% =1.08. 

Total force is 1.08X2,100=2,268. Ans. 


«ee 
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51. If, in the above example, the force had been decreased 
8%, the number of men thrown out of work would have been 
168, and those left at work, 2,100—168=1,932. As before, 
the base is 2,100, but the final number, 1,932, is the difference, 
since the base has decreased. Out of every 100 men formerly 
at work, 8 have been discharged, leaving 100—8=92 still at 
work. Since 8% of the force has been thrown out of work, 
100% —8% =92% remains. The force that remains equals 
.92X2,100 = 1,932, the same result as before. 


52. Inthe case of small fractions of a per cent. care should 
be observed to read the number correctly. For example, 
01% is readzd> of 1%, and equals zéy of 50 = 10007, OF .0001. 
Similarly, .5% or 0.5% is read3; of 1%. If the number of 
per cent. is expressed as a common fraction, it is read in a 
similar manner. Thus, $% is read $ of 1%, and equals 4 
of x45 =a, or .00125. 


EXAMPLES FOR PRACTICE 


Solve the following: 

(a) What is 124% of $900? 

(b) What is 4% of 627? 

(c) What is 334% of 54? 

Ans.—(a) $112.50; (b) 5.016; (c) 18. 

1. If gunpowder contains 75% of saltpeter, 10% of sulphur, 15% of 

charcoal, how much of each is there in 2,000 pounds of powder? 
Saltpeter, 1,500 Ib. 
Ans. 4 Sulphur, 200 Ib. 

Charcoal, 300 lb. 


2. A man owning a ship worth $225,000, sells 1 of it to A, 20% of 


the remainder to B, and 35% of what then Feinaite to C. How much 
do A, B, and C each pay for their shares? A, $56,250 
sn] $33,750 

C, $47,250 

3. A house which cost $4,000 was sold for 7% less than it cost. What 
was the selling price? Ans. $3,720 
4. A school having 200 pupils lost during the year 124% of the num- 
ber. How many pupils were left? Ans. 175 


5. The receipts of a business in 1 year were $25,346.90. During the 
next year the receipts were increased 16%. What were the receipts for 
that year? Ans. $29,402.40 
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COMMISSION AND BROKERAGE 


53. Commission, or’ brokerage, is the sum paid an 
agent for transacting business for another person; as, for buy- 
ing or selling merchandise or property, for collecting or invest- 
ing money, etc. 


54. The agent or party who transacts the business is 
called a commission merchant, or broker; the party for 
whom the business is transacted is called the principal. The 
term broker is applied to one who sells and buys stocks, bonds, 
bills of exchange, and money securities. 


55. A consignment is a shipment of goods from one 
party to another; the party that ships the goods is called the 
consignor, or shipper, and the party to whom they are 
shipped is called the consignee. 


56. When goods are sold on credit, the agent charges an 
additional amount for guaranteeing the payment of the sale. 
This extra charge is called guaranty. 


57. The gross proceeds of a sale or collection is the 
total amount realized by the agent before deducting his com- 
mission and other expenses connected with the transaction. 
The net proceeds is the amount due the principal after the 
commission and all other charges have been deducted. 


58. An account sales is a detailed statement made by 
the agent to his principal, showing the goods sold and the 
prices obtained, giving a list of the charges and expenses, and 
the net proceeds due the principal. The charges include 
freight, cartage, storage, insurance, inspection, advertising, 
commission, and guaranty. 

59. The prime cost of a purchase is the sum paid by 
the agent for the goods or property. The gross cost is the 
prime cost plus the commission and expenses incident to the 
purchase. 


60. An account purchase is a detailed statement made 
by the agent to his principal, showing the cost of goods or 


Oe od 
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property bought, the expenses attending the purchase, and the 
gross cost. 


61. The commission, or brokerage, is usually computed at 
a certain per cent. of the gross proceeds of a sale or the prime 
cost of a purchase. In some cases, however, it is computed 
at a certain price per unit of weight or measure; as, so much 
per ton, per bushel, or per barrel. Examples in commission 
are solved by the rules of percentage. Either the gross pro- 
ceeds or the prime cost is the base; the net proceeds is the dif- 
ference; the gross cost is the amount; the commission is the 
percentage; and the rate of commission is the rate. The remit- 
tance from the principal to the purchasing agent, including 
both the investment and the commission, is an amount. The 
following rule is derived directly from the principles of per- 
centage: 


62. Rule.—To find the commission, multiply the prime 
cost or the selling price by the rate of commtission. 


ExampLe.—A real estate agent sells a house and lot for $4,375 and 
receives 2% commission. What is the commission and what is the net 
proceeds? 


Sotution.—Commission=selling price X rate=$4,375 X .02=$87.50. 
Ans. 


Net proceeds=selling price—commission=$4,375—$87.50=$4,287.50. 
Ans. 


EXAMPLES FOR PRACTICE 


What is the commission: 

(a) If the gross proceeds is $300 and the rate of commission is 34%? 

(b) If the gross proceeds is $9,375 and the rate of commission 
is 2%? 

(c) If the prime cost is $831.75 and the rate of commission is 11%? 

(d) If the prime cost is $960 and the rate of commission is 8%? 


Ans.—(a) $10.50; (b) $187.50; (c) $10.40; (d) $6. 


1. A commission merchant sold a quantity of wool for $4,650. He 
charged 24% commission, 2% guaranty, and the transportation, storage, 
and other expenses amounted to $184. How much should he send his 
principal? Ans. $4,256.75 
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INSURANCE 


63. Insurance is a contract by which one party, the 
underwriter, or insurer, agrees, for a consideration, to 
make good a loss sustained by another party. 


64. Insurance is of two kinds, property insurance and 
personal insurance. Property insurance includes fire insur- 
ance (indemnity for loss or damage by fire); marine insur- 
ance (indemnity for losses at sea) ; transit insurance (indem- 
nity for loss of, or damage to, merchandise during transporta- 
tion) ; stock insurance (indemnity for loss of live stock) ; and 
accident insurance (indemnity for breakage of fragile mate- 
rials, as plate glass, etc.). 

Personal insurance includes life insurance, which secures 
the payment of a certain amount to a specified person at the 
death of the party insured, or after the lapse of a specified 
time; accident insurance, which secures the payment of a cer- 
tain sum in case of accident to the insured; health insurance, 
which secures the payment of a weekly sum during sickness ; 
and insurance against the dishonesty of employes. 


65. A policy is a written contract between the insurance 
company and the party insured; it contains a description of 
the property insured, the conditions on which the insurance is 
taken, and the amount to be paid in case of loss. 


66. A premium is the amount paid to the insurer for 
assuming the risk of loss or damage. The premium is a cer- 
tain per cent. of the amount of insurance, as 3%, 3%. The 
rate of premium depends on the nature of the risk and on 
the length of time the insurance has to run. It is customary 
to speak of the rate of premium as the cost per $100 of insur- 
ance; as 60 cents per $100, $1.20 per $100, etc. 


67. In property insurance, all computations are based on 
the rules of percentage. The amount of insurance is the base, 
the premium is the percentage, and the rate of premium is the 
rate. 
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68. Rule.—To find the premium, multiply the amount of 
insurance by the rate of premium. 


Exampie—A house and furniture are insured against fire for $3,250, 
the rate of premium being }#%, or 75 cents per $100 per year. What is 
the yearly premium? 


SoLution— }%=.0075. Using the rule, 
Premium=$3,250X .0075=$24.374. Ans. 


EXAMPLES FOR PRACTICE 


1. A store and contents valued at $16,400 are insured for 2 of their 
value at 14% premium. What is the cost per year of insurance? 
Ans. $110.70 


2. A boat load of 8,600 bushels of corn, worth 32 cents per bushel, 
is insured for 3 of its value at 12% premium. If the corn is totally 
destroyed, what will be the owner’s loss? Ans. $721.54 


3. A building worth $9,600 is insured for # of its value in three 


companies. The first company takes 4 of the risk at $% premium; the 


second 2 of it at }%; and the third the remainder at $%. What is the 
total premium? Ans. $50.40 


4. A fire insurance company took a risk of $42,000 at 2% premium, 
and reinsured 4 of it in another company at 4%, and 4 of it in a third 
company at 8%. What did the company gain by reinsuring? 

Ans. $61.25 


INTEREST 


SIMPLE INTEREST 


69. Interest is money paid for the use of money belong- 
ing to another. 


70. The principal is the sum for which interest is paid. 


71. The rate of interest is the per cent. of the principal 
that is paid for its use for a given time, usually a year. 


72. The amount is the sum of the principal and interest. 
If, for example, $100 is loaned for a year at 6 per cent. inter- 
est, the principal is $100, the rate is 6 per cent., the interest is 
6 per cent, of $100 or $6, and the amount is $100+$6=$106. 
If the principal is loaned for 2 years, the interest is 2X$6=$12, 
and the amount $100+$12=$112., 
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%3. The legal rate is the rate established by law. 


74. Usury is a rate that exceeds the legal rate. The pen- 
alty for usury is, in some’ states, the forfeiture of all interest; 
in others, the forfeiture of both principal and interest. In a 
number of states, no legal notice is taken of usury. 


75. The finding of interest is the direct application of the 
principle of percentage when the base and rate are given. 
EXAMPLE 1.—Find the interest for 1 year on $1,000 at 5%. 


SoLuTIon.— $1000 
05 
$50.00 Ans. 
EXPLANATION.— 5% expressed as a decimal is .05. The 


interest is found by multiplying the principal, which is $1,000, 
by .05, the rate. 


EXAMPLE 2.—Find the interest on $1,275.50 for 3 years at 6%. 
Sotution— $1275.50 
06 
— com 
$229.59 =Interest for3yr. Ans. 


The example may be solved also by finding the interest on 
$1 for 1 year, then for 3 years, and multiplying this by the 
principal. Thus, 

063 X1,275.50=$229.59. Ans. 


EXAMPLES FOR PRACTICE 


Find mentally the interest on: 

(a) $300 for 1 yr. at 5%. 

(b) $3,000 for 1 yr. at 5%. 

(c) $700 for 1 yr. at 4%. 

(d) $700 for 2 yr. at 4%. 

(ec) $2,000 for 4 yr. at 6%. 

Solve the following on paper: 

Find the interest on: 

(f) $725 for lyr. at 5%. 

(g) $4,200 for 3 yr. at 44%. 

(h) $3,762.87 for 5 yr. at 5%. 

(i) $2,617.75 for 24 yr. at 3%. 

Ans.—(a) $15; (b) $150; (c) $28; (d) $56; (e) $480; (f) $36.25; 
(g) $567; (h) $940.72; (7) $196.33. 


« * 
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436. To find the interest when the time is in 
months. 


EXAMPLE—What is the interest on $900 at 5% for 7 months? 


SoLuTION.— $900 
05 

12) 45.00=Interest for 1 yr. 

~ 3.7 5=Interest for 1 mo. 


7 
$ 2 6.2 5=Interest for 7 mo. 


EXpLANATION.—The interest for 7 months equals 7 times 
that for 1 month. The interest for 1 month is found by divid- 
ing the interest for 1 year by 12. 


EXAMPLES FOR PRACTICE 


Find the interest on: 
(a) $825 for 6 mo. at 6%. 

(b) $930 for 2 mo. at 44%. 

(c) $876.27 for 11 mo. at 10%. 

(d) $572.84 for 1 yr. 5 mo. at 5%. 

Ans.—(a) $24.75; (b) $6.98; (c) $80.32; (d) $40.58. 


77. To find the interest for a number of days. 


In computing interest, a year is usually regarded as con- 
sisting of 12 months of 30 days each, 


ExAMPLe.—What is the interest on $800 for 21 days at 6%? 
SoLuTION.— $800 


)4800 =Interest for 1 yr. 
0)400 =ITInterest for 1 mo. 
.1333=Interest for 1 da. 


$2.7993 
To the nearest cent, the interest is $2.80. Ans. 


78. The interest for-a number of days can also be found 
by considering the days as that many 360ths of a year and find- 
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ing that fraction of the yearly interest. In the preceding 
example, the interest for 21 days equals 25 of $48= $2.80. 
Most persons who do not have occasion to compute interest 
frequently can check “their calculations more readily and feel 
rather more sure of their results by obtaining the interest for 
a month and then for the fraction of a month, j 

Examp_e.—Find the interest on $248.80 for 5 years 9 months 29 days 
at 5%. 


SoLUTION.— $248.80 
05 


12) 124400=Interest for 1 yr. 

30) 1.037 =Interest for 1 mo. 

034 =Interest for 1 da. 

5X12.44=$62.20 =Interest for 5 yr. 

9X1.037= 9.333=Interest for 9 mo. 

29X .034= _—.986=Interest for 29 da. 

$72.519. or $72.52. Ans. 
The interest is found for 1 year, 1 month, and 1 day, respec- 
tively, and the total for 5 years 9 months and 29 days is com- 
puted as shown. 


EXAMPLES FOR PRACTICE 


Find the interest on: 

(a) $600 for 1 yr. 4 mo. 15 da. at 6%. 

(b) $2,160 for 2 yr. 2 mo. at 5%. 

(c) $1,800 for 7 mo. 20 da. at 44%. 

(d) $725.50 for 7 yr. 5 mo. 23 da. at 74%. 


Ans.—(a) $49.50; (b) $234; (c) $51.75; (d) $407.03. 


SIXTY-DAY METHOD 


79. Among accountants one of the most popular methods 
of computing interest is known as the sixty-day method. In 
business dealings generally, loans are made for 30 days, 60 
days, or some multiple of these. The sixty-day method meets 
with favor, as by its use the interest for such periods can be 
quickly reckoned. 


80. Since 60 days is considered as § of a year, the interest 


on $1 for 60 days at 6% is § of 6 cents, or 1 cent. The interest 
1 LT 300—20 4? 
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on any sum for 60 days at 6% is, therefore, equal to 1 hundredth 
of the principal. Hence, if the decimal point of any sum be 
moved two places to the left, it will give the interest on that 
sum for 60 days at 6%. 

Thus, the interest on $3,472.75 for 60 days at 6% is $34.73—, 
and on $692 it is $6.92. 


ExaMmp_Le.—Find the interest on $4,268 for 30 days at 6%. 


So.ution.—The interest on $4,268 for 60 da. at 6% is $42.68. For 
30 da. it is one-half of that for 60 da.; 4 of $42.68=$21.34. Ans. 


81. In finding the interest by the sixty-day method for any 
number of days, the work can be shortened and arranged before 
the eye in an orderly manner by finding the sum or the dif- 
ference of the aliquot parts of 60 days that will make the given 
number. For example, to find the interest for 35 days, we 
would observe that 35 days equals the sum of 30 days and 5 
days, each of which is an aliquot part of 60 days, and compute 
the interest for these separately. 


ExampLe 1.—Find the interest on $980 for 35 days. 


SoLuTION.— 2)$9.80=Interest for 60 da. 
6) 4.90=Interest for 30 da. 
.82=Interest for 5 da. 
$5.72 Ans. 
EXxPpLANATION.—The interest for 30 days is 4 of that for 
60 days, and the interest for 5 days is ¢ of that for 30 days. 


ExaMp.Le 2.—Find the interest on $8,368 for 99 days at 6%. 


SoLuTION.— 
$83.68 =Interest for 60 da. 
41.84 =Interest for 30 da. = 4 of that for 60 da. 
8.368=Interest for 6 da. =,}, of that for 60 da. 
4.184=Interest for 3da.=} of that for 6 da. 


$138.07 2=Interest for 99da. Ans. 


82. In case the interest rate is other than 6%, the interest 
is first calculated.at that rate, and then a proportionate part 
is added or subtracted corresponding to the difference between 
the given rate and 6%. The following partial table will illus- 
trate: 
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7 % = Interest at 6% plus 4 of itself. 

8 %=Interest at 6% plus 4 of itself. 
9 % =Interest at 6% plus 4 of itself. 

5 % =Interest at 6% less 4 of itself. 
4 % = Interest at 6% less 4 ‘of itself. 
44% = Interest at 6% less 4 of itself. 


EXAMPLE 1.—What is the interest at 9% on $1, 264.76 for 49 days? 
SoLuTIoN.— 
$12.647 6 = Interest for 60 da. at 6%. 


6.324 = Interest for 30da.= 4 of that for 60 da. 

3.162 =TInterest for 15 da.= 4 of that for 30 da. 
632 =TIntercst for 3 da. =, of that for 30 da. 
211 =TInterest for 1 da.=4 of that for 3 da. 


$10329 = Interest for 49 da. at 6%. 
5.165 = Interest for 49 da. at 3%, 


$15.494 = Interest for 49 da.at9%. Ans. 


Examp Le 2.—What is the interest at 44% on $3,000 for 98 days? 


SoLurIon.— 
$30.0 0 = Interest for 60 da. at 6%. 
15.00 = Interest for 30 da. at6% = 4 of that for 60 da. 
3.00 = Interest for 6da.at6% = of that for 30 da. 
1.00 = Interest for 2da.at6% =-4ofthatfor 6da. 


$49.00 = Interest for 98 da. at 6%. 
12.25 = Interest for 98 da. at 14% = 4 of that at 6%. 


$36.75 = Interest for 98 da. at44$%. Ans. 


EXAMPLE 3.—Find the interest on $258.50 for 29 days at 6%. 


SoLuTION.— 
$2.5 85 = Interest for 60 da. 


fee 93= Interest for 30 da. = = 2 of that for 60 da. 
.043 = Interest for 1 da. =}, of that for 30 da. 


$1.25 =TInterest for 29 da. ie 


Interest at 


EXAMPLES FOR PRACTICE 


By the sixty-day method, find the interest on: 
1. $8,000 for 87 days at 6%. 


2. $6,050 for 96 days at 3%. 
3. $875.28 for 77 days at 34%. 


Cre 
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$1,468.80 for 123 days at 4%. 
$23,750 for 108 days at 44%. 
$42,690 for 176 days at 33%. 
$7,200 for 225 days at 5%. 
$468.24 for 101 days at 53%. 
$6,880 for 186 days at 7%. 
10. $7,600 for 143 days at 74%. 


Ans.—(1) $116; (2) $48.40; (3) $6.55+; (4) $20.07+ ; (5) $326.625 ; 
(O)*$765.20—5) (7), $2255 (8) 7-23-59)" $248.83 el) poco 4 aoe 
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COMMERCIAL CALCULATIONS 


(PART 2) 


APPLICATIONS OF PERCENTAGE 


1. To find the base when the rate and percentage 
are given. 


Examp.e 1.—If 3% of a number is 12, what is the number? 
SoLution— 3%=12; 1%=4 of 12=12+3=4. 
100%=100X4=400. Ans. 


EXPLANATION.— 1% is evidently 4 as great as 3%. Hav- 
ing found 1% of the number, we find 100%, or the entire 
number, by multiplying 1% of it by 100. 


Example 2.—A mechanic received an increase of 30 cents a day in 
his salary, which was 15% of his former pay. What pay had he been 
receiving ? 

SoLuTIon.— 15%=30 cents; 1%=-. of 30 cents=2 cents. 

100% =100X2 cents=$2.00. Ans. 


In this example 15% is the rate, 30 cents is the percentage, 
and the base or 100% is to be found. 


EXAMPLES FOR PRACTICE 


Solve the following mentally : 

(a) 251s 5% of what number? 
(b) 40 is 20% of what number? 
(c) 4 is $% of what number? 
(d) 7 is 2% of what number? 
(e) 81 is 90% of what number? 
(f) 50 is 100% of what number ? 
(g) 500 is 25% of what number? 


COPYRIGHTED BY INTERNATIONAL TEXTBOOK COMPANY. ALL RIGHTS RESERVED 


§ 13 


2 COMMERCIAL CALCULATIONS § 13 


(h) 800 is 200% of what number? 
(i) The rate is 12%, the percentage is 96; what is the base? 


Ans.—(a) 500; (b) 200; (c) 800; (d) 350; (e) 90; (f) 50; 
(g) 2,000; (h) 400; (i) 800. 


2. The illustrations just given show that when the per- 
centage and rate are known the base can be found by dividing 
the percentage by the number of hundredths which equals the 
rate and then multiplying the result thus obtained by 100. The 
following rule gives a more direct method. 


3. Rule.—To find the base, divide the percentage by the 
rate expressed decimally. 
Examete 1.— 45 is 15% of what number? 


Sotution.— 15%= 
215) 4510 OFG3: 00 Ans: 
45 


150 
The division is performed according to the rule for division 
of decimals. 


EXxaMpPLe 2—In a certain village there are 308 children, who form 28% 
of the total population. How many inhabitants are there in the 


. on ones 


SoLuTion.— 28%=.28. 
28)30800(1100. Ans. 
28 
28 
28 
00 
4. The conditions stated in 
the last example may be illustrated 


by the aid of Fig. 1, which is Beek naree 
divided into 100 parts. Each wi Ree 


small division is 1% of the Fic. 1 

square. The shaded part covers 28 small divisions, or 28% of 
the entire square. “The entire figure represents the total popu- 
lation and the shaded portion represents the number of chil- 
dren. Since the value of 28 parts is known, the value of 100 
parts can be obtained by dividing the known number by .28. 
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5. Aliquot parts of 100 can often be used to advantage in 
finding the base when the rate and percentage are known. 


Exampie 1— 40 is 162% of what number? 
SOLUTION— 162%=4. 


4 of a number=40 
* of the number=6X40=240. Ans. 


EXxAmMpLe 2.—In a fire a merchant lost 40% of his stock of goods. If 
his loss was estimated to be $8,700, what was the estimated value of his 
entire stock? 

SOLUTION— 40%=2, 

2 of the stock=$8,700 
4 of the stock=4 of $8,700=$4,350 
4 of the stock=5 X$4,350=$21,750. Ans. 


EXAMPLES FOR PRACTICE 


1. The percentage is 725 and the rate is 29%. What is the base? 
Ans. 2,500 


The percentage is 1,326 and the rate is 32%. What is the base? 
Ans. $4,143.75 


3. In the manufacture of certain goods, 43% of the cost is for 
material. What is the entire cost of the goods if the.cost for material 
is $2,800? Ans. $6,511.63 


4. The receipts of a business place this year were $128,276, which is 
92% of the receipts of last year. What were last year’s receipts? 
Ans. $139,430.43 


bo 


6. To find the rate when the base and percentage 

are known. 

Examepte 1—A farmer owning 200 fowls sold 20 of them. What 
per cent. did he sell? 

Sotution.— 1% of 200=2. 

20+2=10%. Ans. 

ExpLANATION.—We first find 1% of the entire number to 
be 2. Since 2=1%, he sold as many per cent. as the number 
of times that 2 is contained in 20. 


EXAMPLE 2,—What per cent. of 500 is 75? 


Sotution.— 1% of 500=5. 
75=15, or 15% of 500. Ans. 


cS" 
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EXAMPLES FOR PRACTICE 


Solve mentally the following examples: 
What per cent. of 


(a) 500 is 200? (e) 100 is 6? 
(b) 500 is 400? (f) 100 is 4? 
(c) 700 is 28? (g) 300 is 600? 
(d) 400 is 30? (h) 200 is 300? 


Ans.—(a) 40%; (b) 80%; (c) 4%; (d) 74%; (e) 6%; (f) 4%; 
(g) 200%; (h) 150%. 


7. When the base and percentage are given, instead of 
finding the rate step by step as shown, in actual practice it 
would be found by the following rule: 


8. Rule.—To. find the rate, divide the percentage by the 
base. 
Example 1.—What per cent. of 240 is 60? 


SoLuTION.— 240) 60.00 (.25=25% Ans. 
480 
1200 
1200 


EXxPpLANATION.—It is evident that 60 is <8; of 240, since 1 is 
one 240th part of 240. We find that 24%=.25, which equals 
25%. In this example, 240 is 100%, or the base; 60 is the 
percentage ; and the rate is to be found. 

It must be observed that when the rate is to be expressed 
with the words per cent. or with the symbol % the decimal 
point is moved two places to the right. 

EXAMPLE 2.—In a city of 24,367 inhabitants, 2,876 are unable to read. 
What percentage of the population cannot read? 


SoLUTION.— 
24367)2876000(.118+=118%. Ans. 
24367 
43930 
24367 
195630 
194936 


EXPLANATION.— 24,367 is the base. This is the number 
on which the percentage is to be figured ; 2,876 is the percent- 
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age. The division is made according to the rule for division 
of decimals. 


9. In actual practice the student may be at a loss to know 
how far to carry the division in problems similar to that given 
in Art. 8. This is a question to be determined by the circum- 
stances of the case. In the preceding example, if the informa- 
tion is for a table to show the relative illiteracy in various 
cities, two decimal places would probably be sufficient and the 
result would be called 12%. If, however, the percentage is 
to be used again in some exact calculation, the division should 
be carried to a greater number of figures. 

Exampie—tIn shipping freight from one city to another, the freight 
passes over two different railroads. The distance on the first road is 


136 miles, and on the second is 280 miles. What percentage of the 
freight charges is due to each of the roads? 


SoLution.— Total mileage is 136+280=416 mi. 
136+416=.327=32.7% for first road. Ans. 
280+416=.673=67.3% for second road. Ans. 


ExpLANATION.—The total mileage, or 416 miles, is consid- 
ered to be 100%. ‘The percentage that each distance is of 416 
is then found. 


10. The only difficulty that problems in percentage give is 
in determining what the given quantities stand for or represent. 
Exame te 1—What per cent. of 40 is 30? 


Sotution— 30 is 39 of 40. 
B9—3—, 75, or 75%. Ans. 


ExpLANATION.—In this case, 30 is to be measured in hun- 
dredths of 40. Therefore, 40 is the base. The rate is to be 
found. 

ExaMpPLe 2.—What per cent. of 30 is 40? 


Sotution.-— 40 is 4° of 30. 
40 4=1, 334, or 1334%. Ans. 


The unit of measure is one hundredth part of 30; evidently, 
30 is the base. 

ExAMpLe 3,.—The price of a line of goods has advanced 25%. The 
present price is $6.25 a dozen. What was the former price? 


Sotution.—The increase of 25% was made on the former price. The 
former Price is 100%; the present price, $6.25, equals the former price 


< ? 
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plus the advance, or 100%+25%=125%. $6.25 is, therefore, the per- 
centage and 125% is the rate. 
125%=1.25; base=$6.25+1.25=$5. Ans. 
To prove the result, we may add to $5, 25% of itself. 
25% of $5=$1.25; $5+$1.25=$6.25. Ans. 
Exampie 4.—A fruit dealer bought a lot of oranges. After losing 


18% of the lot on account of cold weather, he had 656 boxes left. How 
many boxes did he buy? 


Sotution.—The loss is based on the amount purchased, which we 
shall call 100%. He loses 18%, and he has left 1007%—18%=82%. It 
is now seen that 656 is the percentage and 82% is the rate. 


82%=656; 100% =656+.82=800. Ans. 


11. The solutions of the foregoing examples should be 
studied very carefully, as they illustrate typical cases and as 
similar problems will be met frequently later in this Section. 

In solving any indirect problem in percentage, the student 
should carefully analyze the statement of the problem to deter- 
mine what quantity represents 100% and whether this quantity 
is known or is to be computed. 


EXAMPLES FOR PRACTICE 


1. A man’s salary is $1,800 per year and he saves $225. (a) What 
per cent. of his salary does he save? (b) What per cent. of it does he 
spend? (a) 121% 

Ans.1 (5) 873% 

2. A man has 32% of his money invested in stocks, 18% in grain, 
and the remainder, which is $7,620, in real estate. What is the total 
value of his property? Ans. $15,240 


3. If wool loses 32% of its weight in washing, how many pounds of 
unwashed wool are required to produce 35,360 pounds of washed wool? 
Ans. 52,000 Ib. 


4. In 1910 the population of a city was 85,000, which was 36% more 
than the population in 1900. What was the population in 1900? 


Ans. 62,500 


5. A man bequeathed to a charity 32% of his estate. To another 
charity he gave $23,100, which was 23% less than the amount given to 
the first charity. (a) What was the value of the estate? (b) What 
per cent. of the estate was given to the second charity? 

(a) $93,750 
24 6) 24,64% 
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PROFIT AND LOSS 


12. Profit and loss’ treats of the gains or losses arising 
in business transactions. 

If the price for which merchandise is sold is greater than 
the cost of the merchandise, the difference is profit, or gain. If 
the selling price is less than the cost, the difference is loss. 


43. The gross cost of merchandise is its first cost. plus 
the expenses of purchase, transportation, and storage. Such 
expenses are commission, freight, insurance, drayage, etc. 


14. The net selling price is the gross selling price, less 
all discounts and expenses of sale. 


15. Computation in profit and loss are made according 
to the rules of percentage. In this Section, unless statement is 
made to the contrary, the gross cost of the merchandise is con- 
sidered to be the base, upon which the rate of profit or loss is 
computed. The profit or loss is the percentage. If the mer- 
chandise is sold at a profit, the net selling price is the amount; 
if at a loss, the net selling price is the difference. 


16. Rule.—To find the profit or loss, multiply the gross 
cost by the rate of gain or loss. 

Exampie.—_A house costing $3,000 is sold for 22% above cost. What 
is the profit? 

So.ution.—Profit=cost X rate=$3,000 X .22=$660. Ans. 


17. Rule.—To find the rate of profit or loss, divide the 
difference between the selling price and gross cost by the gross 
cost; or divide the profit or loss by the gross cost. 

Examepite—A merchant sold for $768 a lot of dry goods for which 
he paid $900. What was the per cent. loss? 

SoLuTION.— Loss=$900—$768=$132. 

Rate of loss=loss+cost=$132+$900=.148, or 148%. Ans. 


18. Rule.—To find the selling price, the cost and rate of 
gain or loss being given, multiply the cost by 100 per cent. plus 
the rate of gain, or by 100 per cent. minus the rate of loss. 


« 
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ExampLe.—lf hay is bought for $8 per ton, and if baling and shipping 
cost $5.50 per ton additional, at what price must it be sold to yield a 
profit of 16%? 

SoLtution.—Gross cost=$8+$5.50=$13.50. The selling price=100% 
+16%, or 116% of cost. 116% expressed as a decimal becomes 1.16. 

Selling price=cost X (100 per cent.+rate) =$13.50 1.16=$15.66. Ans. 


19. In business calculations, it is more usual to calculate 
the profit separately and add it te the cost. The selling price 
can be found directly, however, by the rule. A process which 
is the reverse of the application of this rule is given in the next 
article. 


20. Rule.—To find the cost, the seliing price and rate of 
gain or loss being given, divide the selling price by 100 per cent. 
plus the rate of gain, or by 100 per cent. minus the rate of loss. 


Exampte—A dealer sold drugs for $112 and gained 75%. What 
was the cost of the drugs, and what was the profit? 


SoLution.—Selling price=100%+75%=175% of cost. 175%=1.75. 
Cost=selling price+ (100%-+ rate) =$112+1.75=$64. Ans 
Profit=$112—$64=$48. Ans. 


EXAMPLES FOR PRACTICE 


What is the profit or loss 

(a) Ifthe gross cost is $85 and the rate of gain is 32% ? 

(b) Ifthe gross cost is $837.50 and the rate of loss is 12%? 

(c) If the gross cost is $240 and the rate of gain is 163%? 

What is the rate of gain or loss 

(d) Ifthe gross cost is $6.50 and selling price is $9.10? 

(e) Ifthe gross cost is $14.00 and selling price is $12.50? 

(f) Ifthe gross cost is $3,500 and profit is $500? 

What is the selling price 

(g) Ifthe cost is $945 and the rate of gain is 334%? 

(h) Ifthe cost is $3.50 and the rate of gain is 124%? 

(1) If the cost is $125 and the rate of loss is 18%? 

What is the cost 

(j) If the selling price is $575 and the rate of gain is 15%? 

(k) I the selling price is $28 and the rate of loss is 124%? 

(1) If the selling price is $3.50 and the rate of gain is 26%? 

Ans.—(a) $27.20; (b) $100.50; (c) $40; (d) 40%; (e) 108%; 
(f) 142%; (g) $1,260; (h) $3.94; (i) $102.50: (7) $500; (k) $32; 
(1) $2774, 
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t. A house and lot which cost $3,250 is sold at a profit of 12%. 
What is (a) the profit and (b) the selling price? ee {(5) $390 


(b) $3,640 
2. What must be the selling price of a suit of clothes which cost $18 
in order that the profit may be 334%? Ans. $24 


3. A harvesting machine costs a hardware merchant $90 net, and 
$6 for freight and cartage. If sold for $108, what is the gain per cent.? 
Ans. 124% 


4, A carload of cattle is sold for $875, which is at a loss of 16%. 
What was the cost of the cattle? Ans, $1,041.67 


5. A sells a steam tug to B, gaining 14%, and B sells it to C for 
$4,104 and gains 20%. How much did the tug cost A? Ans. $3,000 


6. How much must hay sell for per ton, to gain 25%. if when sold 
for $8.40 per ton, there is a gain of 163%? Ans. $9 


7. Six horses were sold at $125 each; three of them at a profit of 
25%, and the others at a loss of 25%. What was the net gain or loss? 
Ans. $50 loss 


PROFITS BASED ON SELLING PRICE 


24. %In marking goods, some merchants reckon the profits 
and the selling expenses as a percentage of the selling price. 
This method is claimed to be the logical one, inasmuch as the 
cost of running a business is always reckoned as a percentage 
of the amount of sales, not of the cost of goods. Discounts, 
salesmen’s commissions, taxes, etc. are also based on the sell- 
ing price. Moreover, there is less chance of overestimating 
the profits when they are based on the selling price. To show 
that the percentage of profit on the selling price is not the same 
as that of the cost price, suppose an article costing $1 is sold 
at an advance of 25% on the cost price. The profit equals 
25% of $1=$.25. The selling price equals $1+$.25=$1.25. 
The profit based on the selling price equals $.25+$1.25=.20, 
or 20%. It is thus seen that 25% of the cost price equals only 
20% of the selling price. 


ExaMPLe.—An article costing $1 is sold for $2. (a) What per cent. of 
the cost is the gain? (b) What per cent. of the selling price is the 
gain? 
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SoLtuTIon.— (a) $2—$1=$1, the gain. 
$1 is 100% of $1, or 100% of the cost. Ans. 
(b) $1 is 50% of $2, or 50% of the selling price. Ans. 


From the example just solved it has been shown that a profit 
of 100% on the cost price is equal to a profit of 50% on the 
selling price. Thus, it is seen that it may make considerable 
difference what the percentage is based on. 


22. Rule.—To find the selling price, add together the per- 
centage estimated for selling expenses and the percentage of net 
profit desired and subtract from 100%. Divide the cost price 
by the remainder, and the result will be the selling price. 


ExamMpLe.—A merchant estimates that his expenses are 20% of his 
sales. He desires to make a profit of 10% on his receipts. What 
should he ask for an article that costs him $12.25? 

Sotution.—The profit and cost of selling=10%+20%=30% of sell- 
ing price. The purchase price+30% of selling price=entire selling 
price. The purchase price is, therefore, 100%—30%, or 70%, of selling 
price. 

Selling price is $12.25+.70=$17.50. Ans. 


23. The relation of the purchase price, profit, and cost of 
selling can be shown by Fig. 2. 


2, 
70% 10% pes 
: P Be Cost of 
Purchase Price rofi Selling 


Fic. 2 


Examp_Le 1—A manufacturer allows his salesmen 40% of their sales 
and proposes to make a profit of 15% on the sales. What will be the 
selling price of an article that costs $1.95? 


SoLuTion.—Cost price=100%—40%—15%=45% of the selling price. 
$1.95 .45=$4.334, selling price. Ans. 


EXAMPLE 2.—A merchant estimates that in order to do business at a 
reasonable profit, the difference between the cost price and the selling 
price should equal 20% of the latter. In marking his goods, what per 
cent. should he add to the cost? 


Sotution.—For goods he sells for $1 he would pay 20% less than $1, 
or 80 cents. An advance of 20 cents on 80 cents equals 29=25%. The 
merchant would, therefore, make the marked price 25% more than the 


cost price. Ans. 
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24. The student may at first be confused to some extent 
owing to the different methods of computing the selling price. 
If, however, he will consider whether profits and_ selling 
expenses are to be based on the cost or the selling price he will 
have no difficulty. 


TRADE DISCOUNTS 


25. Trade discounts are reductions made by manufac- 
turers, jobbers, or merchants from their list or catalog prices. 

In many branches of business, manufacturers and dealers 
list their goods at a fixed price for each article, and allow a 
rate of discount according to the conditions of the market, 
the size of the order, and the plan of payment. In fact, two 
or even three discounts are sometimes allowed on an order. 
If it becomes necessary to raise or lower the price of the goods, 
the rate of discount is increased or decreased, the list price 
remaining the same. The system of discounts thus saves the 
expense of publishing a new price list every time prices change. 


26. Merchandise is frequently sold at time prices; that is, 
payment is to be made in, say, 30, 60, or 90 days after date of 
sale, and a certain rate of discount is allowed if payment is 
made at an earlier date. Business houses usually make 
announcements such as the following upon their bill heads: 
“Terms: 4 mo., or 5% 60 days”; “Terms: 60 days net ; 30 days, 
3% off; 10 days, 5% off.” Even when no discount is stated 
in the terms, sellers will usually deduct the legal interest for 
the time remaining, if the payment is made before it becomes 
due. Thus, if a payment due in 3 months is made 1 month 
after the sale, the seller should deduct the interest for the 
remaining 2 months. 


27. Trade discounts are computed by the rules of per- 
centage, the list price of the goods being the base. When sev- 
eral discounts are allowed, the first discount is computed on the 
list price, the second is computed on the remainder after deduct- 
ing the first discount, and so on, each remainder being regarded 
as a base for the computation of the next discount. The sev- 


Fe 
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eral discounts, if there are more than one, form a discount 
series. 


28. Rule.—To find the selling price, multiply the list price 
by the rate, and subtract the discount thus obtained from the 
list price. If there is a discount series, compute the second 
discount, using the first remainder as a base, and subtract the 
discount from the remainder. Repeat the process, using each 
successive remainder as a base for. computing the next dis- 
count. The last remainder is the selling price. 

Exampte 1.—The list price of an article is $62.50 and a discount of 
40% is allowed. What is the selling price? 


SOLUTION.— 
Discount=$62.50X .40=$25. 
Selling price=$62.50—$25=$37.50. Ans. 


Examp ie 2.—On a bill of goods amounting to $720, discounts of 30%, 
10%, and 5% are allowed. What is the selling price? 
SoOLUTION.— 
First discount=$720X .30=$216. 
Remainder=$720—$216=$504. 
Second discount=$504 X .10=$50.40. 
Remainder=$504—$50.40=$453.60. 
Third discount=$453.60X .05=$22.68. 
Selling price=$453.60—$22.68=$430.92. Ans. 


29. The trade discounts usually allowed are aliquot parts 
of 100%, and the labor of computation may be shortened by 
using the fractions corresponding to the rates of discount. 

ExAMPLE—The gross amount of a bill of hardware is $640, and 


discounts of 25%, 10%, and 5% are allowed. What is the net amount 
of the bill? 


SoLUTION.— 

25%=t, 10%= 75, 5%=s35. 4) $640 

The solution is arranged as $160 Ist discount. 
shown. To multiply $640 by 25%, 10 $480 ist remainder. 
or 4, we divide by 4; then the dis- ~$ 48 = 2d discount. 
count, $160, is subtracted and the 20)$432 2d remainder. 
remainder, $480, is divided by 10. ~$ 21.60 3d discount. 
The second discount, $48, is sub- $410.40uetamount. Ans. 


tracted, and the remainder is 
divided by 20. The final remainder, $410.40, is the net amount, or sell- 
ing price. 


COMMPRLIAS, CALLULATIONS uu 


8D, When a Miscort series is Bowed, Inasinew men 
usually rehuce the vesies to an eyuivalent single discon; if 
there is a iarge munber of sabes, much Sabon of commpstation is 
waved by usu the aysvalent disconsnt rather than the series, 
— Riaarn Wha vue Cvrrat om the gis yn is Wyden a 

—— Misernant, veties ATS I, Or, wi Wh? 

Senseo We Wh Ah the Yi price Wl, h, Gent A Tl 
(ahs tht, Yt Wille =7 Slo A Ce is ce, bs Vertes Goren 
— AMD whces the yhce WIN oD Io, 8 WI lo, A tee 74-10, OS lo A TL 

— TSAI, With Gisran, With ts WW, rhc the ye 
BWI, 8 Ss A ee OI, PYM Ne. Vie 100d Con 
Se Dhaiseh by continued wmbipscaiom os (Bows: 

“ie QV DV T5 5, Slo DS 0 BI lo 

WIV bo SI =P 
TSS BY D> eA Io 
V\DI—-Niv= Vo, the Gsemat, Ans. 

AA. Bute —To reduce a Wiscovnt stories to on equivalent 
tinge discount, swbtract cach rate of discount from 100 per 
cont, ond mustiply the remsainbers together. Swbtract the 
product from 100 per con, ans the rembndcr will be the single 

Exemrie 1 —The cot A 2 tne of 0s 2 HO “What mast ay Ce 
match wo te 2 th A Dh on the cot, on Bow 2 Geom of 
Wie on the maticch ytce? . 

$osrrion ~The ptt 4s GUDY DO-G)0; therelose, the ate eg 
pice ts GYOATIRYD, This is what romans shits dechacting Wh 
from the match pice. Gace the Wl Gen 9s competed om the 
saaticeA piace, Ca price must be the tase, and the sing price, AD, 
Hdaek yy whractong the Gave, 18 WIS -WieT0h A the bese. 
Hence, the tase on cotceh, pice YD (LIVI) YD TOG 

Ams. 


Pxsuriz 2—The cost of exemutactating hats 1s GH por Gores. At 
what price pes Goren must they be marked that the manulacturer may 
see Vf ht. on the cont. sites Mowing the trahe Goevests oA 
Whe wees T2472 

Saxros— Wr~4; At AD. tien vue%thh 
2 Wie— Be oo Mia a heard BIBS 
=i, The spite tage Goret 2 WI-100-97 

Masks4 pice V2* IOGD pet he. Ae. 

B32. Bule.—To fad the price ot which goods must be 
mareed to insure a gwen profs after Marwing a discount, or a 
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discount series, add to the cost, including the selling expenses, 
the profit required, and divide the sum by 100% mnunus the 
discount series or equivalent single discount. 


33. A bill in which discounts of 10% and 5% have been 
allowed is shown in Fig. 3. 


Scranton, Pa., June 10, 19 
TECHNICAL SUPPLY Co. 
Sold to 
Brown & Bros. 
Denver, Colo. 


10 rolls Blueprint Paper @ $1.50. per roll $15 00 
162 lb. Drawing Paper @ $.15 per lb. 24 30 
1 gross Drawing Ink 21/60 | 
$60 90 
Less 10% and 5% _ 8/83 _ 
$52\07 
Fie. 3 


EXAMPLES FOR PRACTICE 


Reduce the following discount series to equivalent single discounts: 
(a) 25% and 16%. 

(b) 30%, 20%, and 5%. 

(c) 60%, 10%, and 5%. 

(d) 40%, 20%, 124%, and 4%. 

Ans.—(a) 37%; (b) 46.8%; (c) 65.8%; (d) 59.68%. 


TAXES 


34. Taxes are sums of money levied on persons, proper- 
ties, or incomes, for public purposes. Thus, taxes are levied 
to support the state, county, and city governments; to support 
schools and charities; and to make improvements, such as 
paved streets and sewers. 


35.- A capitation, or poll, tax is a-tax levied on persons; 
a property tax is a tax levied on real estate or personal prop- 
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erty; an income tax is levied on incomes or salaries. The 
term real estate applies to such property as lands and buildings. 
Other property, such as bonds, notes, goods, and money, is 
called personal property. The poll tax is usually a fixed 
amount for each citizen over 21 years of age. The property 
tax is reckoned as a certain per cent. of the assessed valuation 
of the property subject to taxation. 


36. Rule.—To find a property tax, multiply the assessed 
value of the property by the rate of taxation. 


EXAMPLE.—What property tax must a person pay who owns real 
estate assessed at $34,000 and personal property assessed at $12,500, the 
rate of taxation being 8 mills per $1, that is, rate=.008? 

SoLution.—Total assessed value=$34,000+$12,500=$46,500. 

Tax=$46,500 X .008=$372. Ans. 


EXAMPLES FOR PRACTICE 


What is the tax if the assessed value of the property is 
(a) $6,300 and the rate of taxation is 14%? 

(b) $34,300 and the rate of taxation is 64 mills per $1? 
(c) $9,430 and the rate of taxation is 85 cents per $100? 


Ans. (a) $70.87$; (b) $222.95; (c) $80.154. 


1. I own real estate worth $8,500 and personal property worth 
$3,750; both are assessed at 2 of their value. The rate of taxation is 
1.2%, but I receive a discount of 24 per cent. of my taxes for prompt 
payment. How much do I pay the tax receiver? Ans. $86 


2. A has 5 lots worth $1,300 each; B has 4 lots worth $1,000 each; 
C has 2 lots worth $1,500 each; D has 7 lots worth $800 each, and E has 
1 lot worth $1,150. A tax of $1,417.50 for a street improvement is to be 
divided among them. What should each pay? 


Nore.—To find the rate, divide the amount levied for improvement by the total 
value of the property. 


Ans.—A, $455; B, $280; C, $210; D, $392; E, $80.50. 


3. The rate of taxation for a certain state is 34 mills per $1. How 
much state tax must be raised by a county whose valuation is fixed by 
the State Board of Equalization at $13,876,394? Ans. $48,567.38 


4. If the income tax is 1% on all income in excess of $4,000 a year, 


what tax will a person pay whose annual income is $18,230? 
Ans. $142.30 


16 COMMERCIAL CALCULATIONS § 13 


PROMISSORY NOTES 


37. A promissory note is a written promise to pay a 
certain sum at a certain time. 


38. The maker, or drawer, of a note is the person that 
promises to pay; the payee is the person to whom the note 
is payable; and the holder is the person that owns it. 


39. The face of a note is the sum promised to be paid. 
This sum should be written both in figures and in words. 


40. Notes are of two kinds—notes bearing interest and 
notes not bearing interest. When no rate of interest is speci- 
fied, the legal rate in the state or county where the note is 
made is to be understood. If a note not bearing interest is 
not paid when due, it bears interest at the legal rate after that 
time until paid. 


41. The legal rate of interest for money varies in the 
different states of the Union and depends on two facts: 

1. The rate per cent. prescribed by statute in each state 
must be used when no other rate is agreed upon; this pre- 
scribed rate is as low as’5% in some states and as high as 8% 
in others. 

2. If the rate is agreed upon by contract it can be no higher 
than 6% in some states, and is without any limit in others. 
Call loans by banks in New York and Pennsylvania—which are 
loans that may be called in at the pleasure of the bank—may 
command any rate agreed upon, provided the loan is $5,000 
or more. 


42. The punishment for usury—which is an interest charge 
higher than the admissible legal rate—involves various penal- 
ties, from the forfeiture of the excess of interest to the for- 
feiture of both principal and interest. 


43. If a debt falls due on a Sunday or on a legal holiday 
or half holiday, some states require that it shall be paid on the 
day before, and some on the day following the legal holiday or 
half holiday. 
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44, Every state has a statute of limitation according to 
which, after the expiration of a certain tire, a claim for money 
does not hold in law. This time is different for notes, closed 
and open accounts, judgment notes, and sealed documents 
involving claims for money. 


45. Rates of interest, penalties for usury, payments with 
respect to holidays, and statutes of limitation are changed so 
frequently that any table showing them at a given time is 
speedily out of date. The student who wishes information 
relative to any of these matters can get it at any bank, so it is 
deemed best to omit it here. 


46. <A note should be so written as to show where it was 
made and when, the sum promised to be paid, whether it does 
or does not bear interest, and should bear the words “value 
received.” The law assumes that no one is to be compelled 
to pay unless he has received what he deems an equivalent. 
If “value received” is omjtted, the holder may have to prove 
that the maker of the note did actually receive value for the 
money promised in it. 


47. A note usually specifies where it is to be paid—usually 
at a bank. If no place is designated, the holder’s place of 
business is understood, or his residence. 


” 


48. If a note contains the words “or order,” it is a nego- 
tiable note, and may pass like a bank note from one person 
to another. If the holder of a negotiable note wishes to dis- 
pose of it, he is required to guarantee its payment by indorsing 
it—that is, by writing his name across the back of the note. 
There are several kinds of indorsements. Thus, if the holder 
is John Smith, he may, on the back of the note, write John 
Smith. This is an indorsement im blank, and makes John 
Smith responsible for the payment of the note. 

He may write Pay to William Jones. The note is then 
payable only to William Jones. 

If he indorses it Pay to William Jones, or order, it is pay- 
able to William Jones, or to any one to whom William Jones 
may order it to be paid. 


cee 
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He may indorse it Pay to William Jones, or bearer, and it is 
payable to any person that presents it. 

If it be indorsed Pay to bearer, it is payable to the person 
that presents it for payment. 


49. A joint-and-several note is a note signed by two 
or more persons, who become collectively and individually 
responsible for its payment. 


50. A note is protested when the holder, or a notary pub- 
lic at his direction, notifies the indorsers in legal form and 
within the time prescribed by law that the note is unpaid. 
Unless the note is protested in this manner, the indorsers are 
not responsible for its payment. 


51. Forms of notes used in actual business are given below: 


$250. New York, N. Y., Sept. 17, 1912 
On demand I promise to pay George Camp, or order, 
Two Hundred and Fifty Dollars, value received. 
Howard Gray 


$1,000. Toronto, Ont., July 5, 1913 
Three months after date, for value received, I promise 
to pay Stephen Girard, or order, One Thousand Dollars, with 
interest at 5%. Charles Goldwin 
$3,000. Philadelphia, Pa., July 5, 1913 
Six months after date, we, or either of us, will pay to 
George Owen, Three Thousand Dollars, value received, with 
interest at 60%. George Kirwin 
Henry Potter 


Payable at the First National Bank. ee ey 


The first two notes above are negotiable. 

Responsibility for the payment of a joint-and-several note, 
such as the last of those above, rests on the first person signing. 
If he cannot pay, the second person signing is called upon, 
and so on. 


52. In some states, three days of grace are allowed before 
a note must be paid. If, in a state where grace is allowed, a 
bank discounts a note, interest is charged for days of grace. 
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EXAMPLES FOR PRACTICE 


1. Write a negotiable demand note for $600, with interest at 6%, and 
make Brown, Jones & Co. the payee. 


2. Write a non-negotiable note for $4,000, with interest at 5%, pay- 
able in 30 days, yourself being the maker and Howard Crosby the payee. 


3. How much will pay the following note when due without grace? 


50. 
$575 Foo: | New Vork, N. Y., Sept. 19, 1914 
Sixty days after date, for value received, I promise to pay Ralph 


Newton, or order, Five Hundred Seventy-Five and 8°, Dollars, with 


interest at 44%. Henry Miles 
Ans. $579.82 


BANK DISCOUNT 


53. Bank discount is the charge made by a bank for 
paying a note or other obligation before it is due. This charge 
is the interest on the amount of the obligation from the time 
jt is discounted until its maturity; that is, the date on which 
it is due. This interest is subtracted from the-face of the 
obligation, and its holder receives for it the remainder, which 
is called the proceeds. Hence, bank discount is inequitable, 
since interest is charged not only upon the sum actually paid 
for the obligation, but also upon the discount. 


54. If a note for $1,000, with 60 days to run before it is 
due, is discounted at a bank, the interest on $1,000 is found for 
60 days, and is subtracted from $1,000. If the rate of discount 
is 6%, the holder will receive as proceeds $1,000—$10=$990. 


55. The term of discount is the time from the discount- 
ing of the note to its maturity. 


56. In the case of an interest-bearing note, the sum dis- 
counted is the amount of the note at maturity; that is, the face 
of the note plus the interest. 


5%. Banks usually require that a discounted note shall be 
payable at the bank that discounted it, and ordinarily they 
do not discount notes having more than 90 days to run. 


ae 
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58. To find the time when a note matures, the 
term of discount, the discount, and the proceeds. 


ExAmp_e.—Find (a) the discount and (b) the proceeds of the follow- 
ing note: 
$48 4559, Newark, N. J., Oct. 4, 1913 
Sixty days after date, for value received, I promise to pay Wiliam 
Hall, or order, Four Hundred Eighty-Four and ~88; Dollars, at the 
Ninth National Bank. Henry Parshall 
Discounted, Oct. 20, 1913, at 6%. 
SoLuTIoN.— : 
(a) Maturity, Dec. 3, 1913. 
Term of discount, 44 days. 
Discount, $3.55. Ans. 
(b) Proceeds, $484.60—$3.55=$481.05. Ans. 


EXPLANATION.—Sixty days after Oct. 4 is Dec. 3, the date 
of legal maturity. From the time of discount, Oct. 20, to 
Dec. 3 is 44 days, for which the interest at 6% is $3.55. Sub- 
tracting the discount, $3.55, from the face of the note, $484.60, 
gives $481.05, the proceeds. 


59. The maturity of a note, when grace is allowed, is on 
the last day of grace. The time of maturity is generally indi- 
cated on such notes. Thus, Mar. 7/10, written on a note means 
that it matures nominally on Mar. 7, and legally on Mar. 10. 


ExampLte—Find (a) the discount and (b) the proceeds of the fol- 
lowing note, allowing for days of grace: 


$1,060. Austin, Tex., August 6, 1913 
For value received, I promise to pay, three months after date, to 
Ernest Hazard, or order, One Thousand Sixty Dollars, with interest 
at 8%. 
Emil Reeves 
Discounted, Sept. 1, 1913, at 6%. 


SOLUTION.— 
(a) Maturity, Nov. 6/9, 1913. 
AmountpoL ote ab meatunity. ace ee meteeee $1081.91 
MNermMsSnOLaciscounteO9 mdaySaenuesesesaner 
D)ESCOUTIET srcrree reps Saket tenses tans late oe etait ee aon 1244 Ans. 
(ei Broceeds sss on sceeic terclobal i ee eee ets $1069.47 Ans. 


60. Rule.—I. If the note bears interest, find its amount 
at the time of legal maturity. 
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II. Find the interest on the face of the note at the given 
rate of discount, or, if it is an interest-bearing note, on the 
amount of the note at the date of legal maturity at the given 
rate of interest, and the result will be the bank discount. 


III. Subtract the bank discount from the face of the note, 
or from its amount at maturity, and the remainder will be the 
proceeds. 


EXAMPLES FOR PRACTICE 
1. Find (a) the bank discount and (b) the proceeds of a note for 


$5,000, due in 60 days, discounted at 6%. Te (a) $50 
n8.4 (5) $4,950 
2. Find (a) the bank discount and (b) the proceeds of a grace note 

for $4,000 due in 90 days, discounted at 5%. - (a) $51.67 
“)(b) $3,948.33 

3. $8,476590.. Scranton, Pa., Jan. 8, 1914 


Six months after date I promise to pay to Charles Brown, or 
order, Eight Thousand Four Hundred Seventy-Six Dollars, value 
received, with interest at 6%. Howard Bristow 


Find the proceeds of the foregoing note, if discounted April 24, 
1914, at 5%. Ans. $8,639.34 


PARTIAL PAYMENTS 


61. A debt or obligation may be discharged at one pay- 
ment; or, from time to time, payments im part may be made, 
and finally at a time of settlement the remainder of the debt 
may be paid. Now, it is obvious that interest should be 
allowed upon such payments as are made, since interest is 
charged upon the obligation itself. But, if a payment should 
be less than the interest upon the debt since a previous pay- 
ment had been made, to subtract such payment from the debt 
with accrued interest would result in increasing the principal. 
This would be a species of compound interest which, in many 
states, is illegal. 


62. When a partial payment of a note is made, the date 
of payment and its amount are written on the back of the note, 
and this record of it is called an indorsement. 


We 
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The following rule for partial payments, formulated by the 
United States Supreme Court, is used in most states: 


63. United States Rule.—Find the amount of the 
principal to the time when the payment, or the sum of the pay- 
ments, is greater than the interest then due. From the amount 
subtract the payment or the sum of the payments, and treat the 
remainder as a new principal. Proceed in this manner to the 
date of settlement, and the last amount will be the sum still due. 


Find the difference between dates by putting down the year, 
the number of the month and the day of the month in the case 
of both minuend and subtrahend. Then count 30 days to the 
month, and subtract regularly as in the case of denominate 
numbers. 

EXAMPLE.— 
$1,200. New Vork, Sept. 16, 1912 

On demand I promise to pay John Crawford, or order, Twelve 


Hundred Dollars, with interest at 6%, value received. 
Edward G. Carson 


Indorsements: Jan. 1, 1913, $120; May 7, 1913, $300; Dec. 22, 1913, 
$16; Sept. 19, 1914, $400. What is due Jan. 1, 1915? 


SoL_uTIon.— ; 
Principal down. tarcer meee Sears calcu se eas ieee asians cs $1200 
Interest from Sept. 16, 1912, to Jan. 1, 1913 (3 mo. 15 da.). 21 
Va aslOLOUM Ese MITCH TC SO GB Mo ict ee oa Su ec oe 1221 
Hunst.-payinent Spent a7 wresy. Sha. eects SPS SESE: OPEN < RRLO 120 
(Nie Wi aDIIN Cl Daler ctene A ctekets retrace) eee er oe enter ‘cL iLOE 
Interest from Jan. 1, 1913, to May 7, 1913 (4 mo. * danas Plz 
NOUN t Hae ttaenns Aine ars Merete he sc te ease ORM eRe aiee Berry 
Seconda payments srderatke setae cn meter ee cere eee ee 300 
News pringipalt ii satitenic ce beaten sree ee: Ste nate i @zate 
Interest from May 7, 1913, to Sept. 19, 1914 (1 yr. 4 mo. 

2A S) Bh cesta ten eee ines asin oie ete oer toot eee 67.58 
IMINO ENE” SOR ROO ACR rs OES LOS ok Bae noe te kee 891.70 
StimeoL vhindeand tountmpaymmentse cn se oes eee ae 416.00 
New priticipal saya te eae eae te nae on eae ee eee 47570 
Interest from Sept. 19, 1914, to Jan. 1, 1915 (3 mo. 12 da.). 8.09 
Amountaduelat time or wsettlement...9-eoe eee eee eeiee $ 483.79 


The third payment of $16 is less than the interest due at the time it 
was made; hence, according to the rule. it is added to the next payment 
of $400 and the interest is computed to the time of the fourth payment. 
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EXAMPLES FOR PRACTICE 
Find the amount due at the time of settlement on each of the fol- 
lowing : ' 
1. $2,000. Philadelphia, July 1, 1911 
One year after date, for value received, I promise to pay Wm. 
Gray, or order, Two Thousand Dollars, with interest at 6%. 
Henry G. Brown 
Indorsements: Dec. 16, 1911, $350; Mar. 1, 1912, $25; Oct. 25, 1912, 
$400; June 14, 1913, $275. Time of settlement, July 1, 1914. 


2. A note for $3,000 at 6% dated Mar. 5, 1913, bore the following 
indorsements: Dec. 20, 1913, $400; Mar. 14, 1914, $60; Nov. 30, 1914, 
$360; July 15, 1915, $600. Time of settlement, Jan. 1, 1916. 


Ans.—(1) $1,216.80; (2) $2,024.38. 


EXACT INTEREST 


64. It is the common practice to consider 360 days as a 
year in computing interest. This gives a result too great, since 
1 day is not as much as gy of a year but isgygs of a year. The 
United States government and some banks reckon interest by 
counting each day as 3¢3 of a year or 3¢¢ Of a year in case of a 
leap year. Interest thus computed is called exact interest. 


ExampLe.—Find the exact interest on $1,000 for 89 days at 6%. 


Sotution.—Interest for 1 yr.=6% of $1,000=$60. 
Interest for 89 da.=,89- of $60=$14.63. Ans. 
65. Should one be obliged to calculate exact interest fre- 
quently, he should make a table giving the interest on various 
sums for various periods; as, for example, on each thousand 


dollars from one to nine for 1 day to 100 days. 


EXAMPLES FOR PRACTICE 


Find the exact interest on: 
1. $10,000 for 123 days at 6%. 


2. $12,800 for 168 days at 6%. 
3. $6,400 for 213 days at 5%. 
4. $22,800 for 2 yr. 73 da. at 4%. 


i 2 
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5. $13,000 from Jan. 17, 1913, to Nov. 29, 1913, at 44%. 
Ans—(1) $202.19-+; (2) $353.49; (3) $186.74—; (4) $2,006.40; 
(5) $506.47—. 


MERCHANTS’ RULE 
66. When the time from the date of a note or other 
obligation is less than a year, settlement is usually made by a 
method called the merchants’ rule. 


67. Rule.—I. By the method of exact interest, find the 
amount of each of the several payments from the time each ts 
made to the date of settlement. 


It. Subtract the sum of these amounts from the amount of 
the obligation from its date to the time of settlement. The 
remainder will be the amount still due. 

ExaMPpLe.—Face of note, $2,000; rate, 6%; date of note, Dec. 31, 
1914; time of settlement, Nov. 15, 1915. Indorsements: Mar. 10, 1915, 


$200; June 1, 1915, $300; Aug. 20, 1915, $400; Oct. 1, 1915, $500. What 
was due at time of settlement ? 


SoLuTION.— 

riicipall mere hemlet eeey tee eters Metals ernie att nee Serene Re $2000 

Tnterestons 2,000 torilO dace. merase aoe eee eee eee 10488 
‘Mimounnt Sater etter. beg tnec age eek? woe)? T $2104.88 

Jeol Erne) SVAN Deitere PAU Wiikls oacdsacaantos adodoc $208.22 

IN TanORh Co eten ten sei Ob atoyenlGy/ leks « Gus eanpewoa ck odeoes $308.24 

Amo untzotes400 Dorsey daa tame $405.72 

AMOunt Ot Ss OURIOT4Oed as eee dereitee es oe cece $503.70 

SumMpoh paymientss, witheanterest. sane eee Jikavnel eee 
Amount due at time of settlement.................. $679.00 


The table on pages 31 and 32 can be used to find the difference of 
time between dates. 


COMPOUND INTEREST 


68. If the interest on a principal is added to the princi- 
pal at regular intervals to form by each addition a new principal 
for the next interval, the resulting interest is called compound 
interest. Thus, if $100 be placed at compound interest at 
6%, with the understanding that the interest is to be com- 
pounded annually, the principal will be $100 for the first year, 
$106 for the second year, $112.36 for the third year, etc. 
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69. Most savings banks allow compound interest, 
although in most states its payment cannot be legally enforced, 
even though it be specified in a contract. 

The method of compounding interest is used principally in 
determining the amount a given principal will yield in a given 
time on the assumption that the interest is invested at the same 
rate as soon as it is due. Thus, in computing the probable 
returns on loans made for long periods, this method is used. 


70. If the interest is to be compounded annually it is 
added to the principal at the end of each year. If it be com- 
pounded semiannually, one-half of the annual rate is taken as 
the rate, and the interest is added at the end of each period of 
6 months; if quarterly, one-fourth the annual rate is taken; etc. 

ExampLe.—Find the amount of $800, at compound interest for 2 
years at 6%, interest compounded semiannualiy. 


SoLUTION.— 
$800 =prin. 1st 6 mo. 
24 =int. Ist 6 mo.=$800X.03 
$824 =prin.2d6 mo. 
2 4.7 2=int. 2d 6 mo.=$824X .03 


$848.7 2=prin. 3d 6 mo. 

__ 25.4 6=int. 3d 6 mo.=$848.72 X .03 
$87 4.1 8=prin. 4th 6 mo. 

___ 26.2 3=int. 4th 6 mo. 

$900.4 1=amount for2yr. Ans. 

71. When the time is given in years, months, and days, 
the interest is compounded for the greatest number of entire 
periods included in the time, and the simple interest on the 
last amount as the principal is found for the remaining time. 

Thus, if the time in the preceding example were 1 year 
8 months 20 days, $874.18 would be taken as the principal for 
the last 2 months 20 days, and the simple interest on this prin- 
cipal for 2 months 20 days would be computed. This interest, 
which is $11.66, added to $874.18 gives $885.84, the amount 
for 1 year 8 months 20 days. 


72. Compound interest is calculated in actual business 
by means of a table. The accompanying compound-interest 
table shows the amount of $1 at several different rates, and for 


ee 


COMPOUND-INTEREST TABLE 


Showing the amount of $1, at various rates, compound interest, from 1 to 
20 years, interest compounded annually 


Yr. | 14 PerCent.| 2 Per Cent. | 2} Per Cent.| 3 Per Cent. | 33 Per Cent. | 4 Per Cent. 
I | 1.015000 | 1.020000 | 1.025000 | 1.030000 | I.035000 | I.040000 
2 | 1.030225 | 1.040400 | 1.050625 | 1.060900 | 1.071225 | 1.081600 
3 | 1.045678 | 1.061208 | 1.076891 | 1.092727 | 1.108718 | 1.124864 
4 | 1.061364 | 1.082432 | 1.103813 | 1.125509 | 1.147523 | 1.169859 
5 | 1.077284 | 1.104081 | 1.131408 | 1.159274 | 1.187686 | 1.216653 
6 | 1.093443 | 1.126162 | 1.159693 | 1.194052 | 1.229255 | 1.265319 
7 | 1.109845 | 1.148686 | 1.188686 | 1.229874 | 1.272279 | 1.315932 
8 | 1.126493 | 1.171659 | 1.218403 | 1.266770 | 1.316809 | 1.368569 
9 | 1.143390 | 1.195093 | 1.248863 | 1.304773 | 1.362897 | 1.423312 

IO | I.16054I | 1.218994 ; 1.280085 | 1.343916 | 1.410599 ; 1.480244 

II | 1.177949 | 1.243374 | 1.312087 | 1.384234 | 1.459970 | 1.539454 

I2 | 1.195618 | 1.268242 | 1.344889 | 1.425761 | 1.511069 | 1.601032 

13 | 1.213552 | 1.293607 | 1.378511 | 1.468534 | 1.563950 | 1.665074 

14 | 1.231756 | 1.319479 | 1.412974 | 1.512590 | 1.618695 | 1.731676 

15 | 1.250232 | 1.345868 | 1.448298 | 1.557967 | 1.675349 | 1.800944 

16 | 1.268986 | 1.372786 | 1.484506 | 1.604706 | 1.733986 | 1.872981 

19 1.288020 | 1.400241 | 1.521618 | 1.652848 | 1.794676 | 1.947901 

18 | 1.307341 | 1.428246 | 1.559659 | 1.702433 | 1.857489 | 2.025817 

19 | 1.326951 | 1.456811 | 1.598650 | 1.753506 | 1.922501 | 2.106849 

20 | 1.346855 | 1.485947 | 1.638616 | 1.806111 | 1.989789 | 2.191123 

Wir 5 Per Cent. | 6 Per Cent. | 7 Per Cent. | 8 Per Cent. | 9 Per Cent. | 10 Per Cent, 
I | I.050000 | 1.060000 | 1.070000 | 1.080000 | 1.090000 | 1.100000 
2 | 1.102500 | 1.123600 | 1.144900 | 1.166400 | I.188100 | I.210000 
3 | 1.157625 | 1.191016 | 1.225043 | 1.259712 | 1.295029 | 1.331000 
4 | 1.215506 | 1.262477 | 1.310796 | 1.360489 | 1.411582 | I.464100 
5 | 1.276282 | 1.338226 | 1.402552 | 1.469328 | 1.538624 | 1.610510 
6 | 1.340096 | 1.418519 | 1.500730 | 1.586874 | 1.677100 | I.771561 
7 | 1.407100 | 1.503630 | 1.605781 | 1.713824 | 1.828039 | 1.948717 
8 | 1.477455 | 1.593848 | 1.718186 | 1.850930 | 1.992563 | 2.143589 
9 | 1.551328 | 1.689479 | 1.838459 | 1.999005 | 2.171893 | 2.357948 

IO | 1.628895 ; 1.790848 | 1.967151 | 2.158925 | 2.367364 | 2.593742 
II | 1.710339 | 1.898299 | 2.104852 | 2.331639 | 2.580426 | 2.853117 
I2 | 1.795856 | 2.012197 | 2.252192 | 2.518170 | 2.812665 | 3.138428 
13 | 1.885649 | 2.132928 | 2.409845 | 2.719624 | 3.065805 | 3.452271 
14 | 1.979932 | 2.260904 | 2.578534 | 2.937194 | 3.341727 | 3.797498 
I5 | 2.078928 | 2.396558 | 2.759031 | 3.172169 | 3.642482 | 4.177248 
16 | 2.182875 | 2.540352 | 2.952164 | 3.425943 | 3.970306 | 4.594973 
17 | 2.292018 | 2.692773 | 3.158815 | 3.700018 | 4.327633 | 5.054470 
18 | 2.406619 | 2.854339 | 3-379932 | 3-996019 | 4.717120 | 5.559917 
19 | 2.526950 | 3.025600 | 3.616527 | 4.315701 | 5.141661 | 6.115909 

20 | 2.653298 | 3.207136 | 3.869684 | 4.660957 | 5.604411 | 6.727500 
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periods from 1 to 20 years. More extensive tables can be 
purchased through bookdealers. Having the amount of $1 at 
any given rate and for any number of periods, we multiply it 
by the number of dollars in any given principal. The result 
will be the amount ofthat sum for the given time. If the 
original principal be subtracted from this amount, the re- 
mainder is the compound interest required. 


Exampir.—What is the amount and the compound interest of $600 for 
4 years at 6%, interest compounded annually? 


Sotution.—The amount of $1 for 4 years at 6% is, according to the 
table, page 26,$1.262477. The corresponding amount of $600 is 
$600 X 1.262477=$757.49. Ans. 
The interest is $757.49—$600=$157.49. Ans. 


73. If the interest is computed semiannually, find by the 
table the amount for double the number of years at half the 
rate. 

EXampLe—A young man deposited $1,000 in a savings bank. What 


sum would he have at the end of 10 years if the bank pays 4% interest 
per annum, and credits the interest semiannually ? 


Sotution.—The rate for each half year is 2%; the number of interest 
periods is 20. Hence, the amount is equal to that for 20 years at 2%. 
According to the table, the amount of $1 for 20 years at 2% is $1.485947. 
Hence, the amount of $1,000 for the same time is $1,000X*1.485947 
=$1,485.95. Ans. 


EXAMPLES FOR PRACTICE 


Find the compound interest on the following amounts for the times 
mentioned, and prove the correctness of your result by using the table. 
Unless otherwise stated, the interest is to be compounded annually. 


1. On $1,600 for 2 years at 8%. 
2. On $1,280 for 5 years at 4%. 
3. On $480 for 3 years at 8%, interest compounded semiannually. 


4. On $3,000 for 2 years 11 months 12 days at 6%, interest com- 
pounded semiannually. 


Ans.—(1) $266.24; (2) $277.32; (3) $127.35; (4) $571.72. 
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ADDITIONAL RULES OF INTEREST 


74. In the problems in interest so far considered, the 
principal, the rate, and the time have been given, and the inter- 
est or the amount has been found. One may have occasion to 
compute the principal, the rate, or the time when the other 
terms necessary for the solution of the problem are known. 
No new principles are required, as the applications involve 
those of percentage. 


To. Given the principal, the interest, and the 
time, to find the rate. 

The interest for one year is obtained by multiplying the 
principal by the rate. Then, conversely, the rate is obtained 
by dividing the interest for 1 year by the principal. The 
interest for one year is equal to the given interest divided by 
the time in years. 

ExampLe.—A pawnbroker charged $8 for a loan of $200 for 2} 
months. What rate of interest did he receive? 


Sotution.— $8 for 24 months is equivalent to $8+2.5=$3.20 a mo., 
or to $3.20 12=$38.40 a year. 


Rate=38.40+200=.19-2,, or 19,2,%. Ans. 


10? 

76. Given the principal, interest, and rate, to 
find the time. 

It is evident that if the given interest is divided by the 
interest for 1 year, the time required in years will be obtained. 
Or if the given interest is divided by the interest for 1 day, the 
time in days will be obtained. 


Exampte 1.—In what time will the interest on $1,000 at 5% be $80? 

So.ution.—The interest on $1,000 for 1 yr. at 5% is $50. The required 
time is, therefore, 80+50=13 yr. Ans. 

ExampLe 2.—If the principal is $978.26 and the interest at 6% is $4.08, 
what is the time in days? : 

SoLution.—Interest on $978.26 for 60 da. at 6% is $9.78. Interest 
for 1 day is $9.78+60=$.163. 

_ Time=4.08+.163=25 days. Ans. 

77. Given the amount, time, and rate, to find the 

principal. 
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The amount for any time and rate can be obtained by multi- 
plying the principal by the amount of $1 for the same time and 
rate. Consequently, the principal can be found by dividing 
the amount by the amount of $1 for the same time and rate. 

Exampte.—What sum placed at interest for 1 year at 6% will amoun 
to $1,000? 

SoLtution.—The amount of $1 for 1 yr. at 6% is $1.06. 

The principal=$1,000+ 1.06=$943.396, or $943.40. Ans. 

It is seen that the principal is, therefore, + of the amount 

for this rate and time. 


PRESENT WORTH 


78. The present worth of an obligation is a sum such 
that, if it be put at interest at a specified rate for a given time, 
it will amount to the obligation. 

Thus, if the specified rate is 5%, a debt of $105 due in 
1 year is worth $100 now, since $100 placed at interest at 5% 
will in one year amount to $105. 

The present worth may be found as shown in the solution 
of the example in the preceding article. In business practice 
it is customary when a debt is paid before it is due to deduct 
the interest; in equity, that is, in justice, the amount paid 
should be the present worth of the obligation. Usually, how- 
ever, loans of this character are of such short duration that 
the discount is reckoned in the ordinary way. 

ExampLe.—A debt of $773, which has 9 mo. 20 da. yet to run, is dis- 
counted at 5%. What is: (a) the present worth? (b) the true discount? 
(c) the bank discount ? 


Sotution.— (a) 9 mo. 20 da.=290 da., counting 30 days to the month. 
The interest on $1 for 9 mo. 20 da. at 5% equals 22° X.05=$.04028. 
The amount of $1 for the given time and rate=$1.04028. 


Present worth=$773~+1.04028=$743.07. Ans. 
(b) The true discount is the difference between the present worth anc 
the amount of the obligation. 
True discount=$773—$743.07=$29.93. Ans. 
(c) The bank discount is $773X.04028=$31.14. Ans. 
Proor.—Calculate the interest on $743.07 for 9 mo. 20 da. 
at 5%. It is $29.93 ; hence, the solution is correct. 
TILT 300—22 
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79. To find the face of a note when the proceeds, 
time, and rate are given. 

Sometimes one may be required to find what the face of a 
note should be in order that the proceeds may be equal to a 
given sum. The face multiplied by the proceeds of $1 equals 
the proceeds, hence the given proceeds divided by the proceeds 
of $1 will give the face of a note. 

ExAmpLe.—The proceeds of a note discounted at a bank for 45 days 
at 6% amounted to $1,488. What was the face of the note? 


Sotution.—Interest on $1 for 60 da. at 6%=$.01. Interest on $1 
for 45 da. at 6%=$.0075. 

Proceeds of $1 due in 45 days=$1—$.0075=$.9925. Face of note 
=$1,488+$.9925=$1,499.24. Ans. 


EXAMPLES FOR PRACTICE 
Find the principal, when: 
(a) Interest=$96, time=2 years, rate=4%. 
(b) Interest=$131.25, time=2 years 6 months, rate=6%. 
Find the time, when: 
(c) Principal=$4,800, interest=$652, rate=6%. 
(d) Principal=$680, interest =$163.20, rate=5%. 
Find the rate, when: 
(e) Principal=$2,875, time=4 years 7 months 6 days, interest=$529. 
(f) Principal=$760, time=3 years 9 months 18 days, interest 
=$144.40. 


Ans.—(a) $1,200; (b) $875; (c) 2 yr. 3 mo. 5 da.; (d) 4 yr. 9 mo. 
18 da.; (e) 4%; (f) 5%. 

1. A note for 60 days discounted at 44% yields $81,815.33. What 
is its face? Ans. $82,433.58 


2. Write in proper form a 60-day note payable at the Chemical Bank 
of New York, which, when discounted when the note is made, will yield 
at 5%, $7,850 proceeds. Ans. Face, $7,915.97 


TABLE FOR FINDING THE NUMBER OF DAYS 
BETWEEN TWO DATES 
80. The table on pages 31 and 32 may be used for finding 
the time between two dates, also for finding a date that occurs 
a certain number of days later or earlier than a given date. It 
will be observed that in the table there are twelve columns, 
one for each month of the year, and in each column there are 
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as many lines as there are days in the month. We shall now 
illustrate the use of the table. 
In the column headed Feb., we find, opposite 24 in the left- 


TABLE FOR FINDING THE NUMBER OF DAYS BETWEEN 
TWO DATES 


‘3g os 
>8 Jan. Feb. March April May June > 
Ae Az 

I TO BOANIB29 7333.00) 05, (MOL 7A IST soq4\rs2 foT3 I 

2 2 PBO3 33 eSS2 LOL SZOANINO2 F273)|6122 22 43)\53) 212 2 

3 3 362/34 331/62 303/ 93 272/123 242/154 211 3 

4 4 361/35 330/63 302| 94 271|124 241/155 210 4 

5 | 5 360; 36 329/64 301| 95 270/125 240/156 209] 5 

6 6 359/37 328/65 300] 96 269/126 239/157 208 6 

7 7 358/38 327/66 299] 97 268/127 238)158 207 if 

8 8 357/39 326/67 298] 98 267/128 237/159 206 8 

9 9 356|40 325/68 297] 99 266) 129 236! 160 205 9 
10 |10 355|41 324/69 296] 100 265]|130 235|161 204] I0 
II DIS 885 442) 6323170) ZO5MOL BOA IST (2241/1162, 9035), 11 
T2228 530r43s 322 7 MoAIoO2 o3ihns2 232/163 4202)|= 12 
TQ ehG SO 2NIAA BS2Iy72 —203 LOZ) 262)10033) 1232104" (207) 13 
TAN MIEEASS 5 P45) $3207) 292)! -104) 8261) | s34" 237 1165, F200!) 14 
I5 |15 350/146 319174 291] 105 260]135 230|166 199] 15 
16 | 16 349/47 318|75 290] 106 259)136 229|167 198| 16 
17 |17 348/48 317/76 289|107 258 | 137 228|168 197] 17 
18 |18 347/49 316177 288) 108 257)|138 227|169 196] 18 
19 |19 346|]50 315] 78 287] 109 256) 139 226/170 195] 19 
BOMNIZO B45 SL e3r4 #79" 286 ito 3255 |ki40 7225/1070 41947) 20 
Die (2 te esaA e525 esto rSO e285 Saha lian 224,72 S193)! 127 
22 NB2ABAsesBu BleSh oA ite. 253 | 142 223 W7BaaLO 222 
QE mn Sues 2a054 eshTHS2) S20Cu ths 252) ee) 122210074 BOT | 23 
BA NA 434155 Slo 88 282014 250 44 2215175 190) 24 
25 125 340/56 309|84 281/115 250/145 220/176 189] 25 
26 |26 339/57 308/85 280] 116 249|146 219/177 188] 26 
27 |27 338/58 307|86 279/117 248/147 218|178 187| 27 
BSmaIZS. 2287) 959) 1G00 087 F278 (8 207148" 207 19079 “i861 28 
AX) || Ay BAO) 88 277|119 246|149 216|180 185] 29 
30 30 335 89 276/120 245/150 215/181 184] 30 
31 | 3f 334 90 275 | I5t 214 31 


hand column, the numbers 55 and 310. The first number, 55, 
indicates that Feb. 24 is the 55th day of the year, and the 


32 


COMMERCIAL CALCULATIONS 


§ 13 


number 310 indicates that there are 310 more days in the year 
after Feb. 24. Again, in the tenth line of the Aug. column, we 


TABLE FOR FINDING THE NUMBER OF DAYS BETWEEN 
TWO DATES—(Continued) 


e3 July Aug. Sept. Oct. Nov Dec 
Az 

I 182 183/213 152|244 121/274 91|305 60] 335 
2 |183 182/214 151|245 120|275 90|306 59| 336 
3 |184 181/215 150|246 119|276 89/307 58| 337 
4 |185 180/216 149|247 118|277 88} 308 57 | 338 
5 |186 179|217 148|248 117|278 87/309 5€| 339 
6 | 187 178|218 147] 249 116|279 86/310 55] 340 
7 |188 177|219 146)250 115|280 85/311 54] 341 
8 |189 176) 220 145/251 114/281 84)| 312 53] 342 
Oy 590) FETS) 220 44 (252 13282 183 ans 2) 443 
FO!) |1ON “Wyaiie22 435253. “1122832 82344 51 344 
II 192, 1073))9223) lA 254 TIT 284 81] 315 50} 345 
I2 |193 172|224 141|255 110/285 80/316 49| 346 
13. | 194 I71|225 140/256 109] 286 79| 317 48 | 347 
I4 |195 170|226 139|257 108] 287 78/318 47] 348 
15 |196 169] 227 138|258 107|288 77]|319 4€| 349 
16 |197 168|228 137|259 106| 289 76| 320 45) 350 
17 |198 167|229 136] 260 105|290 75/321 44] 351 
18 |199 166] 230 135)261 104)291 74/322 43) 352 
19 | 200 165/231 134|262 103] 292 73| 323 42 | 353 
20 |201. 164)\)232)1933 |263 “02203 Faliseq ar e5u. 
21 |202 163] 233 132|264 I01 | 294 71 | 325 40 | 355 
22 |203 162|234 131|265 100/295 70/326 39] 356 
23 | 204 I61| 235 130|266 99/296 69] 327 38] 357 
24 | 205. 1601236 1291267 ~ 981/207 (68328. 37 1358 
25 |206 159] 237 128|268 97|298 67|329 36] 359 
26 | 207 158) 238 127|269 96/299 66|330 35] 360 
27 |208 157|239 126|270 95}]300 65/331 34| 361 
28 | 209 156/240 125/271 94| 301 64] 332 33 | 362 
29 | 210 155) 241 124|272 93] 302 63/333 32 | 363 
30 | 211 154| 242 123/273 92] 303 62] 334 31/| 364 
BI «|[212) °153\243 » 122 304 61 365 
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find 222 and 143. 


year after that date. 


These numbers show that Aug. 10 is the 
222d day of the year and that there are 143 more days in the 
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Examp.e 1.—A note bearing interest was made on Nov. 15 and paid 
Feb. 1 of the following year. How many days did the note draw interest? 


So.ution.—In this case we find the number of days in the year after 
Nov. 15 and add this to the number of days to be counted in the next 
year. In the fifteenth line in the column headed Nov. the second number 
is 46. Feb. 1 is the 32d day of the year. Hence, from Nov. 15 to Feb. 1 
is 46+32=78 days. Ans. 

In case the period considered includes the last day of 
February of a leap year—that is, February 29-—the additional 
day must be considered. 


Examptr 2.—In a leap year, find the days from Jan. 28 to May 4. 


SoLuTIon.—Jan. 28 is the 28th day and May 4 is the 124th day of the 
common year. The difference in time is 124—28=96 days. But as 
Feb. 29 has not been counted, we add one day more and obtain 96+1 
=97 days. Ans. : 


STOCKS AND BONDS 

81. If work involving a large expenditure of money is to 
be undertaken, it is usual to organize a company and procure 
a charter under the laws of some state. The chartered com- 
pany then issues shares, which are sold to persons who have 
money to invest and are willing to incur the chances of loss. 
These shares are known as stock. 

The advantage of having a charter is that a chartered com- 
pany can do business just as an individual—that is, it may sue 
or be sued for debts, enter into contracts, etc. Moreover, the 
shareholders, in case the business is unprofitable, are, as a rule, 
liable for the debts of the company only to the amount of their 
shares. The exception may be noted that owners of stock in 
national banks are responsible for an amount equal to the face 
value of their stock in addition to their shares. The members 
of an unincorporated concern may be compelled to pay all of 
its debts. 

82. The par value of shares is the amount—usually $25, 
$50, or $100—specified in the certificates issued to the sub- 
scribers of a corporation. 


83. When a company gains in its business, it pays its share- 
holders part of its profits, called dividends. 


ea 
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Dividends are declared quarterly, semiannually, or annually, 
and are usually paid at the general office of the company. 


84. If the business is conducted at a loss, the shareholders 
may be required to make good the loss. Such payments are 
called assessments. 


85. When the dividends on stock are considered high, the 
stock will usually sell above par; if no dividends are paid or if 
they are small, the stock, as a rule, will sell below par. The 
price of stock is, of course, influenced by other considerations 
than present dividends. The stability and the risk of the busi- 
ness, the assets of the company, and the outlook for the future 
are factors that affect the price. 


86. In some corporations the stock is divided into two 
classes, called preferred and common. Dividends on pre- 
ferred stock are payable first and do not exceed a fixed rate. 
The dividends on common stock depend on the profits of the 
business after the dividends on the preferred stock are pro- 
vided for. 


87. A bond isa written obligation under seal to pay a cer- 
tain sum at a specified time. 

Bonds are issued by national and state governments, cities, 
counties, towns, and incorporated companies in order to pro- 
vide money for current or extraordinary expenses, or for such 
improvements as may be desired. The bonds are secured by 
the property of those who issue them, and bear interest payable 
quarterly, semiannually, or annually. 


88. Registered bonds are numbered, and the names of 
their purchasers are recorded. When registered bonds are 
sold, the transfer must be recorded on the books of the com- 
pany that issued them. Sometimes bonds have small forms 
called coupons attached, stating the amount of interest due at 
certain times. ‘Fhese coupons may be cut off and exchanged 
for money at the general office of the company or deposited in 
any bank for collection. Owing to the ease with which they 
may be transferred from one party to another, unregistered 
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bonds usually sell for a slightly higher price than registered 
ones. Corporation bonds are, as a rule, issued in denomina- 
tions of $1,000 or multiples thereof. Some bonds are issued in 
denominations of $100 and of $500. 


89. Bonds are usually designated by the interest they bear, 
or by the time when they are payable. Thus, “U.S. 4’s, 1932” 
are bonds of the United States government bearing interest at 
4%, and payable in 1932. 


90. A stock broker is a person whose business consists 
in buying and selling bonds or stocks for others. His com- 
pensation is a certain per cent. of the par value of the stocks 
bought or sold. The compensation of a broker is called 
brokerage. 


91. The price quoted in stock market reports is that for 
$100 par. For example, when Canadian Pacific is quoted at 
125, each $100 par sells for $125. In some localities and in 
some classes of stock, prices are quoted as the price per share. 
For example, the par value of a share of Pennsylvania Rail- 
road Company stock is $50. The New York market may quote 
the stock at 130, which means that $130 is the price for each 
$100 par, or for two shares. In the Philadelphia market, the 
price would be quoted at $65, which is the price per share. 
Information concerning issues of stock and related matters 
can be obtained from stock brokers. 


92. In this Section the par value of stocks is to be under- 
stood as 100, unless some other value is given. Whatever 
may be the market price of stocks and bonds, brokerage is 
calculated on their par value. 

Examp_Le 1.—Find the cost of 480 shares of Canadian Pacific stock 
bought at 1234, if the brokerage is 4%. 

SoLtution—The cost of each share is $123.50 and the brokerage is 
4% of $100=4 of $1=$.124. 

480.X $123.50=$ 5 9280.00 
480X$.124 = 60.00 
$59340.00 Ans. 


Or, cost per share including brokerage=$123.501$.124=$123.624. 
480 X $123.62$=$59,340.00. Ans, 
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Examp.e 2.—What will be the cest with accrued interest of a 5% 
$1,000 bond at 103, including brokerage, if the interest was paid last on 
July 1 and the bond is sold on October 1? 


SoLuTION.— 
One $1,000 bond at 103=$1030.00 


Interest on $1,000 for 3 mo. at 5%= 12.50 
$1042.50 Ans. 


The former owner would be entitled to the interest of the 
bond from the date of the last payment of interest until the 
date of sale. When the quoted price includes the interest due, 
bonds are said to be sold flat. 

Exame_e 3—How many shares of bank stock selling at 56 can be 
bought for $89,700, if the brokerage is $%? The par value of the shares 
is $50. 

Sotution.—The cost of 1 share of stock at the market price is $56; 
the brokerage per share is .008X$50=$0.064. Therefore, total cost of 
1 share=$56+$0.064=$56.064, and the number of shares bought=$89,700 
+$56.064=1,600 shares. Ans. 

93. Rule.—I. To find the cost of any number of shares 
of stock, multiply the sum of the market price per share and the 
brokerage by the number of shares, and the product will be the 
cost. 

It. To find the number of shares that can be bought for a 
given sum, divide the given sum by the cost of one share, 
including the brokerage, and the quotient will be the number of 
shares. 

ExaMPLeE 1—How much must be invested in railroad stock that 
pays a quarterly dividend of 24%, in order to have an income of $4,000, 
if it is bought at 1043, brokerage being 1%? 

SoLtuTion.—The expression “a dividend of 24%” means 23 per cent. 
on the par value of the stock. Hence, since the quarterly dividend is 
24%, the annua! income per share of $100 will be $10. Consequently, 
to obtain an annual income of $4,000, there must be bought 4,000+10 
=400 shares; then each share will cost $104$+$4, and their total cost 
will be 400 times as much, or $1043 X400=$41,850. Ans. 

ExaMpPLe 2.—What per cent. is realized by buying 4% bonds at 895, 
brokerage being 4%? 

SoLuTION.—Since a bond of $100 denomination costs $892-+$1=$90, 
and each $100 bond yields $4 annual income, the per cent. realized will 
be found by dividing $4 by the entire cost of one $100 bond. Hence, 
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$4-+ ($892+$4)=.044=44%. Ans. 

In the preceding example, consideration has not been taken 
of the fact that the purchaser of the bond will receive par 
when the bond becomes due if he holds it until that date. He 
pays 90 and will receive 100, hence he will realize 10% profit 
on the par value of the bond in addition to the interest. The 
10% profit will not be realized until maturity, so the actual 
yield depends on the date the bond is due. The method of 
computing the true yield on bonds is rather complex, but tables 
are published from which rates may be determined. 


94. Rule.—I. To find the investment that will yield a given 
income, divide the income by the gain from one share, and the 
quotient will be the number of shares that must be bought; then 
multiply the cost of one share by the number of shares, and 
the product will be the investment. 


Il. To find the rate per cent. of mcome from money invested 
in stocks or bonds, divide the gain yielded by one share by the 
cost of a share, and multiply the quotient by roo. 


EXAMPLES FOR PRACTICE 
1. What must be paid for 128 shares of U. S. Steel preferred stock 
at 1281, brokerage 4%? Ans. $16,432 


2. How many shares of Union Gas Co. stock at 983 can be bought 
for $39,550, the brokerage being 4%? Ans. 400 shares 


3. How much will 68 $1,000 U. S. 4% bonds of 1925 cost at 1164, 
brokerage being $%? Ans. $79,305 


4. The cost of some railroad stock was $18,150, for which a man 
paid $1372 per share, and 4% brokerage. How many shares did he buy? 
Ans. 132 shares 


5. Find the cost of 240 shares of mining stock at 982, brokerage 


being 4%. Ans. $23,670 
6. How much must be paid for 5% city bonds to yield an annual 
income of $1,250, if they cost 104, brokerage 4%? Ans. $26,250 


7. Bank stock that pays an annual dividend of 10% is bought for 
109Z, brokerage 4%. What per cent. is realized by investing in it? 
Ans. 93-7% 
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8. How much more is the rate per cent. of income on 8% stock 
bought at 119% than on 6% stock bought at 1072, brokerage in each case 


being 4%? Ans. 14% 

9. How much better is a gain of 20% on an investment at 80 than a 

gain of 18% on an investment at 90? Ans. 5% 
EXCHANGE 


95. The subject of exchange treats of the methods of 
paying debts in a distant place without transmitting money. 
Exchange between different parts of the same country is 
domestic exchange, and between different countries is for- 
eign exchange. 


DOMESTIC EXCHANGE 


96. The payment of debts in a distant place may be made 
by means of a post-office money order, an express money order, 
a personal check, or a draft. At all post offices of importance 
and at express company offices one may obtain forms giving 
the rates for money orders and directions for use. If a per- 
sonal check is used a delay of several days may be caused, as 
most business houses hold an order for goods until collection 
has been made on the check. Some business houses will refuse 
to accept a personal check. The most general method of mak- 
ing payments at a distance is by draft. 


97. The Bank Draft.—A bank draft, which is an order 
issued on one bank by another, is one convenient means of 
transmission of credit. Banks in the smaller cities usually 
have money on deposit in the banks of large cities such as New 
York or Chicago, subject to draft at any time. 

To illustrate the method of using a bank draft, let us sup- 
pose that N. L. Sands, of Scranton, Pa., wishes to buy some 
books from the publishers, Fleming H. Revell Company, New 
York City, the catalog price of which is $18.75, and decides to 
send a bank draft. Mr. Sands will apply to his bankers in 
Scranton for a New York draft, drawn in his own favor for 
$18.75. They will issue this for a few cents and charge the 
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entire amount, say $18.85, to his bank account. Many banks 
do not charge their depositors for issuing bank drafts. Mr. 
Sands indorses the draft to the publishers by writing on the 
back of it, ? 
Pay to order of 
Fleming H. Revell Co. 


N.L. Sands 


He then incloses it in the letter with his order. Fig. 4 shows 
the bank draft drawn in Mr. Sands’ favor with his indorsement 
on its back. This is a safe and economical means of paying 
a bill at a distance. 


98. Collection by Draft.—A draft is a written order 
from one party to another party to pay a certain sum of money 
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to a third party. These three parties are always connected 
with every draft transaction; namely, the party who makes, 
or signs, the draft, called the drawer; the party who is to pay 
it, or on whom it is drawn, called the drawee; and the party 
to whom the money is to be paid, called the payee. A draft 
may be drawn at sight or on demand, and it is then expected 
that it will be paid by the drawee when it is presented to him; 
or, it may be written at two, three, or any number of days’ 
sight, which means that the drawee is allowed that many days 
after presentation in which to pay it. The name of the drawee 
is usually written near the lower left-hand corner of the face 
of the draft. The payee is usually a bank with which the 
drawer does business. The drawee accepts the draft, that is, 
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promises to pay it, by writing or stamping on its face the word 
“Accepted,” together with the current date and his signature. 
Suppose for example that Brown Brothers & Co., whole- 
sale grocers, of Williamsport, Pa., have shipped $58.76 worth 
of groceries to J. P. Angell, retail grocer, Jersey Shore, Pa., 
and that they wish to collect this amount. They go to the 
Williamsport National Bank, where they do their banking busi- 
ness, and request it to forward a draft on Mr. Angell that they, 
Brown Brothers & Co., have already filled in. The Williams- 
port bank indorses the draft to a Jersey Shore bank and for- 
wards it to that bank with instructions to collect it. The 
Jersey Shore bankers promptly present the draft to Mr. Angell 
by messenger or notify him by telephone or perhaps by mail 
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that they have received it for collection. Mr. Angell is not 
compelled to pay his debt in this way; but, if he refuses to do 
so, he is liable to lower his credit with the banks and business 
men in his community. Therefore, he accepts the draft by 
writing his name across its face, usually in red ink, pays the 
money to the Jersey Shore bankers within the five days named, 
and receives the draft, marked paid, as his receipt. They 
remit to the Williamsport bankers, who credit to the account 
of Brown Brothers & Co. the $58.76 less a small commission 
that they charge for making the collection. In this transaction 
Brown Brothers & Co. are the drawers of the draft, the Wil- 
liamsport National Bank is the payee, and J. P. Angell is the 
drawee. The draft, with Mr. Angell’s acceptance written 
across its face, would appear as in Fig. 5. 


§ 13 COMMERCIAL CALCULATIONS 41 


When a draft is accepted it becomes in effect a promissory 
note. 

The student should carefully observe how the form is filled 
in. The wording of the last line of the form may be misunder- 
stood. The drawee, Mr. Angell, is directed to charge the 
amount of the draft against the drawer, Brown Brothers & Co. 
The name of the drawee follows the word “To” and that of the 
drawer is written on the right, as shown. 


99. The Bill of Lading.—A bill of lading is a printed 
contract, furnished free by railroad and steamboat companies, 
on which the shipper, or consignor, is required to write the 
name and address of the person to whom the shipment is to be 
sent, called the consignee, and an itemized statement of the 
number of pieces, their weight, a brief description of the goods 
shipped, and his own name as shipper. Always two, and some- 
times three, copies of the bill of lading are made at the same 
time and for each shipment. ‘The first copy is called a straight 
bill of lading. It is signed by the railroad agent and returned 
to the shipper, who usually mails it to the consignee, so that he 
may take it to the railroad agent at the point of destination 
as proof that the goods are for him. The second, or duplicate, 
copy, called the shipping order, is signed by the shipper and 
retained by the railroad agent as his directions for shipping the 
goods. ‘The triplicate copy is called a memorandum and is 
retained by the consignor as his receipt. 


100. The Sight Draft With Bill of Lading.—Suppose 
a retail storekeeper, T. D. Reynolds, of Ithaca, N. Y., orders 
goods from Messrs. Jones, Smith & Jones, wholesalers, of 
Buffalo, N. Y., amounting to $260.66, and asks them to ship 
the goods by freight, collect on delivery. The steps in the 
transaction would be about as follows: Jones, Smith & Jones 
deliver the goods to the railroad company and receive from the 
freight agent a Dill of lading, showing that the goods are con- 
signed to themselves or to their order. The goods are not 
consigned to Mr. Reynolds. Jones, Smith & Jones make a 
sight draft on Mr. Reynolds for $260.66, attach it to the bill 
of lading, and hand both to their bankers in Buffalo, who for- 
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ward it to a bank in Ithaca with instructions to deliver the bill 
of lading to Mr. Reynolds when he pays the attached draft. 
Fig. 6 shows the sight draft on T. D. Reynolds that went to the 
Ithaca bank with the bill of lading. Messrs. Jones, Smith & 
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Fic. 6 
Jones promptly mail to Mr. Reynolds an itemized bill for the 
goods and notify him that their draft for $260.66 has been 
forwarded through their bankers. Mr. Reynolds calls at the 
Ithaca bank, pays the draft, receives the bill of lading, presents 
it to the railroad freight agent, and is allowed to take the goods. 


101. To find the cost of a bank draft. 

The charge, called exchange, made by a bank for a draft 
is usually stated as a percentage or as the rate per $1,000. 

ExamMpLe 1.—What will a sight draft of $2,400 in San Francisco cost 
in New York when the charge is $%? 

Sotution.—Exchange=4% of $2,400= of $24=$12. 

Total cost=$2,400+$12=$2,412. Ans. 

EXAMPLE 2.—Mr. Rodriguez, of New Orleans, wishes to pay $24,600 
to a New York merchant. What will a draft cost him when exchange is 
$1 per $1,000? 

So_ution.—The exchange equals 1 thousandth part of the face value 
of the draft; hence, the charge may be obtained by pointing off three 


places in $24,600. The charge is therefore $24.60, and the entire cost 
of the draft equals $24,600+$24.60=$24,624.60. Ans. 


102. Tofind the proceeds of sight and time drafts. 
The drawer ofa draft may not wish to wait for the collec- 
tion to be made and may sell it. The purchaser may or may 
not give face value for it. If sold below its face value it is 
said to be sold at a discount, and if above it, at a premium. A 
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time draft is discounted in the same manner as a promissory 
note. The purchaser may also deduct charges sufficient to 
cover cost of collection. 


Exampre 1.—A wholesale dealer sold a sight draft on a customer for 
$5,800 at 2% discount. What were the proceeds? 


SoLutIon.— Face value of draft=$5800.00 
Discount=3% of $5,800= 43.50 


Proceeds=$5756.50 Ans. 


Examp.e 2.—A furniture manufacturer of Grand Rapids deposited in 
a bank a 30-day draft for $28,000 on a Memphis dealer. How much 
credit would he receive for the draft if no charges were made to cover 
collection? Assume the interest rate to be 6%. 


SoLuTIon.— Face value of draft=$28000 
Discount on $28,000 for 30 da. at 6%= 140 


Proceeds=$27860 Ans. 


103. <A commercial draft may be sold at a premium or a 
bank draft may be purchased at a discount when there is a 
tendency of money to move strongly in one direction. Sup- 
pose, for example, that the San Francisco banks owe consider- 
ably more to the New York banks than the latter owe in return. 
To adjust the difference, money would be shipped to New 
York. It is possible that a New York bank would, under such 
circumstances, sell a draft on San Francisco at a discount, and 
that in San Francisco a holder of a draft on New York could 
sell it at a premium. Such drafts would tend to lessen the 
shipment of currency. 

In some states 3 days of grace are allowed on sight and time 
drafts. If one needs to know at any time whether grace is 
allowed in any particular state he can obtain the information 
from a bank. 


104. To find the face of a draft when the proceeds 
are known. 
ExampLe—The proceeds of a sight draft sold at 2% discount are 
$2,977.50. What is its face value? 
SotuTion.—The face can be found, when the proceeds are known, in 
a manner similar to that used in finding the face of a note when the 
proceeds are known. 
Proceeds of $1=$1.00—.003=$.994 
Face=$2,977.50+.9925=$3,000. Ans. 


al 
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405. Rule I.—To find the cost of a sight draft, find the 
premium or the discount. The sum of the face of the draft and 
the premium, or the difference between the face of the draft 
and the discount, will be the cost of the draft. 


106. Rule II.—To find the cost of a time draft, find the 
proceeds of the face of the draft for the time the draft has to 
run. Find, also, the prenuum or the discount, on the face of 
the draft. The sum of the proceeds and the premium, or the 
difference between the proceeds and the discount, will be the 
cost of the draft. 

If days of grace are allowed in the state where the draft is 
payable, find the proceeds for three days more than the time 
the draft has to run, and then proceed as before. 


107. Rule I1I.—7o find the face of a draft when the cost 
or the proceeds is given, divide the cost of the draft by the cost 


of 81. 


EXAMPLES FOR PRACTICE 


Solve the following examples: 
1, Find the cost of a sight draft for $1,876 at: (a) 14% premium; 


(b) 4% discount. Ans.) (2) $1,899.45 
‘1(b) $1,866.62 


2. The face of a sight draft is $7,875.56, and the premium is 4%. 
Find its cost. Ans. $7,938.56 


3. How much will it cost to pay, by a sight draft on San Francisco, 
a bill of $7,528, when exchange is at 14% discount? Ans. $7,415.08 


4, A man paid $484.72 for a 60-day draft, premium being 14%, and 
money worth 6% interest. What was the face of the draft? 


Ans. $483.51 
5. If a draft payable 30 days after sight costs $2,800 when discount 
is 3% and money worth 6%, what is its face? Ans. $2,835.44 


6. Find the face of a sight draft costing $1,200, when exchange is at 
12% discount. Ans. $1,216.73 
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FOREIGN EXCHANGE 


108. A draft on a foreign country is usually known as a 
bill of exchange. Foreign bills can be used in the same manner 
as ordinary drafts. The face of the draft is expressed in the 
currency of the country on which the draft is drawn. The 
price of exchange fluctuates according to the balance of trade, 
the loans and investments in foreign countries, and other con- 
ditions that tend to cause a movement of money from one 
country to another. The Secretary of the Treasury of the 
United States issues at certain periods a statement showing the 
value of foreign coinage in dollars and cents. 


109. The daily papers of our commercial cities give quota- 
tions showing the rates of exchange from day to day. One of 
these follows: 

Sterling exchange was again weak and lower. Continental exchange 
was also lower. Rates are: Long bills, $4.81 @ $4.823; sight drafts, 
$4.843 @ $4.85, and cable transfers, $4.854 @ $4. 854. ane: are quoted 
at 5.21£ for long and 5.20 for short; reichsmarks, 944 @ 94, for long 
and 954 @ 95,3, for short; guilders, 395 @ 3915 for long and 40 @ 40, 
for short. 


Norr.—A reichsmark (mark of the empire) is the same as a mark, 
about 23% cents. The exchange value of 4 marks, or reichsmarks, is 
given in commercial quotations in the daily newspapers. 

Sterling exchange is Bills of Exchange payable in English money 
called Pounds Sterling. Long bills are those payable 30, 60, 90, or more 
days after being received. Short bills are those payable from sight to 
30 days after being received. Sight drafts are payable at sight, that 
is, aS soon as received. Long bills will evidently sell for less than those 
drawn on sight. 


Edward Howe wishing to pay a debt in England may buy 

from Smith, Jones & Co. a draft like the following: 
New Y ork, Oct. 1.1912 

Exchange for £820-12-6 sterling. 

At sight pay to Edward Howe, or order, the sum of Eight 
Hundred Twenty Pounds £820-12-6 sterling. 

Value received, and charge to the account of 

Smith, Jones & Co. 
To Baring Bros. & Co. 
London, England. 


IL T 30.—23 
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Examp_e 1.—Find the cost of the foregoing draft in New York when 
exchange on London is $4.842. 


SoLuTION.— £820-12-6= £820 12s. 6d.=£820.625, since 6d.=yu=3s., 
and 12s, 6d. =123s.= 427= £.625. $4.8475 X 820.625=$3,977.98. Ans. 


Example 2.—What must be paid for a draft on Paris of 8,000 francs, 
when $1 is quoted at 5.213? 


Sotution.— 1 franc=$1+5.215; 
($1+5.215) X8,000=$1,534.04. Ans. 


110. Rule.—To find the cost of a draft upon a foreign 
country, multiply the quoted value of a foreign monetary unit 
by the given number of such units. 


EXAMPLES FOR PRACTICE 


Solve the following examples: 
1. Find the cost of a draft on London, at 60 days’ sight, for £987 16s., 


exchange being $4.823. Ans. $4,768.60 
2. When exchange on Paris is quoted at 5.23, what must be paid for 
a sight draft for 2,800 francs? Ans. $535.37 


3. I bought a long draft on Berlin for 8,425 reichsmarks when 
exchange was quoted at 94% per 4 reichsmarks. What did it cost? 


Ans. $1,995.67 
4. What must be paid for a draft on Amsterdam for 8,000 guilders, 
exchange being 4075? Ans. $3,205 


DUTIES 


111. Duties, or customs, are taxes levied by govern- 
ments on imported goods for the purpose of producing revenue 
and for the protection of home industries. 


112. There are two kinds of duties: ad valorem and 
specific. An ad valorem duty is estimated at a certain per 
cent. of the market value of the goods in the country from 
which they are imported; as, silks 50%, musical instruments 
15%, etc. The market value of the goods is the invoice value 
after deducting discounts and before extra charges, such as 
commission, freight, boxing, etc., are added. 


113. <A specific duty is a duty levied on imported goods 
according to the weight, measurement, or number of the arti- 
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cles, without reference to their value; as, wheat 15 cents per 
bushel, coal 75 cents per ton, etc. Some kinds of merchandise 
are subject to both ad valorem and specific duties. In com- 
puting specific duties, the’long ton of 2,240 pounds and the 
hundredweight of 112 pounds are used. 


114. An invoice is an itemized statement of merchandise 
shipped. It contains the names of purchaser and seller, a 
description of the quality and quantity of the goods, prices, 
and incidental charges. Invoices are made out in the weights 
and measures and the currency of the country from which the 
goods are imported. Thus, the price and cost of goods imported 
from Germany would be given in marks; from France, in 
francs; from England in ¢£ s. d. 


115. The following table gives the monetary units of lead- 
ing foreign nations and their equivalents in United States 
money. These rates are proclaimed each year by the Secretary 
of the Treasury, and are used in Custom House computations: 


Country Monetary Unit oe d 
CEG NO UR ane tiers ae Dollars) OOients 2s. 1. 28) $100 
Great Britain. 0... Pound = 20 shillings...... Pa AS665 
Pravgee .. ... 

CCT cco poet. es Franc= 100 centimes........ .193 
Switzerland | 
Teeth vome cate Ata LOOKcentestind. woe cap.24 193 
Sadie etver. ut allway s8e52 as Peseta = 100 'centimes..:..... .193 
Germany 5. Cae: ees Mark=100 pfennige......... 238 
Denmark 

INGEWAVin cf ik ftp aio 5 FOV = LOO OPO cco sie cael ee GeO 
Sweden 

ie pail, orises.. eo ee even LO0 catty tom ah ets 2ce/e 408 


116. Before computing duties the following allowances 
are made: Tare, a deduction for the weight of boxes or crates ; 
leakage, an allowance for loss of liquids imported in barrels 
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or casks; and breakage, an allowance for loss of liquids 
imported in bottles. The net quantity is what remains after 
deducting tare, leakage, or breakage. 


117. Ad valorem duties are computed by the rules of per- 
centage ; the net invoice price is regarded as the base, the ad va- 
lorem duty as the percentage, and the rate of duty as the rate. 

Duties are not computed on fractions of a dollar; if the cents 
are less than 50 they are rejected; if more, they are counted 
as a dollar. 


118. Rule.—To find the ad valorem duty, reduce the net 
invoice price to United States money, tf necessary, deduct 
allowances, and multiply the remainder (expressed in even 
dollars) by the rate of ad valorem duty. 

To find the specific duty, multiply the net quantity by the rate 
of specific duty per unit of quantity. 


Examp_e 1.—What is the duty on an invoice of silks valued at 24,360 
francs, the ad valorem rate being 60%? 


SoLtution.—According to Art. 115, 24,360 francs=24,360X.193 
=$4,701.48. Duty=$4,701 X.60=$2,820.60. Ans. 
The 48 cents is rejected, being less than 50 cents. (Art. 117.) 


EXAMPLE 2.—What is the duty on 820 gallons of brandy at $1.50 per 
gallon, leakage 3%? 
SoLUTION.— Leakage=820X .03=24.6 gal. 
Net quantity =820—24.6=795.4 gal. 
Duty=795.4X 1.50=$1,193.10. Ans. 


EXAMPLES FOR PRACTICE 


What is the ad valorem duty on an importation invoiced at 
(a) £430 12s. 4d., allowing 5% breakage, rate of duty 40%? 
(b) 36,750 lira, allowing 2% for tare, rate of duty 24%? 
(c) 9,264 marks, rate of duty 85%? 
What is the specific duty on an importation of 
(d) 60 dozen bottles of wine at $3 per dozen, breakage 10%? 
(e) 125 gross of empty bottles, breakage 6%, duty 10 cents per dozen? 
(f) 3 T.6 cwt. of iron castings at } cent per pound? 
Ans.—(a) $796.40; (b) $1,668.24; (c) $1,874.25; (#} $162; (¢) 
$141; (f) $55.44, 
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1. An importation of musical instruments from Germany is valued 
at 13,670 marks. What is the duty at 174% ad valorem? Ans. $569.28 


2. An importer buys French silks at $1.80 per yard and pays a duty 
of 35% ad valorem, and $.60 per yard specific. At what price per yard 
must the silk be sold to yield a profit of 25% on the cost? Ans. $3.79 


3. What is the duty at 65%, upon a consignment of 1,350 dozen kid 
gloves invoiced at 115 francs per dozen? Ans. $19,475.95 


EQUATION OF PAYMENTS 


119. Suppose that Mr. Ellison, a dealer, owes a wholesale 
house a bill of $100 payable June 10 and another bill of $100 
payable June 30. It is evident that he may pay the entire 
amount on June 20, a date midway between June 10 and June 
30, without paying interest or receiving discount, for he will 
‘owe on June 20, 10 days’ interest on the first bill and he will 
be entitled to 10 days’ discount on the second bill. The 
process of finding the equitable time when payment of several 
sums may be made in one payment is called equation of 
payments. ‘The date at which several bills may be equitably 
paid is called the equated time of payment. 


ExampL_eE—A man owes $250 due March 1, $300 due April 20, $450 
due May 5, and $500 due June 25. When is the equated time of pay- 
ment? 

Sotution.—We first find the interest that is due on some date, pref- 
erably the latest due date. This date is called the focal date. The 
latest due date is June 25. From March 1 to June 25 is 116 da., hence we 
compute the interest of $250 for 116 da. It does not matter what rate 
of interest is taken in finding the equated time, but we shall assume the 
rate to be 6% and use the 60-day method in calculating the interest. 
The interest on $250 for 60 days is $2.50, and for 116 days is $4.83. 

From April 20 to June 25 is 66 da.; the interest on $300 for 66 da. 
at 6% is $3.30. From May 5 to June 25 is 51 da.; the interest on $450 
for 51 da. is $3.83. No interest is computed on $500, since this sum is 
due on June 25. The total interest is $11.96; the total amount due is 
$1,500. We now proceed to find at what earlier date $1,500 may be paid 
so that no interest may be due. 


The interest on $1,500 for 1 da. at 6%=*~—=$.25 


The interest on $1,500 will amount to $11.96 in v4 da. 


ce 
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The account may be settled 48 da. earlier than June 25, that is, on 
May 8. May 8 is, therefore, the equated time of payment. 
The arithmetical work should be arranged as follows: 


DvurE DATE AMOUNT TIME INTEREST 
Mar. 1, $250 116 da. $4.83 
Apr. 20, 300 66 da. 3.3 0 
May 5, 450 51 da. 3.83 
Tune 25, 500 no da. .00 
$1500 $.25)$11.96 
48 da., very nearly 
$15.00 _ $.25 
60 


Equated time is 48 da. earlier than June 25, or May 8. Ans. 


EXAMPLES FOR PRACTICE 


Solve the following examples: 
1. A owes B $500 due in 8 months, and $900 due in 4 months. 
When may i.e equitably pay B both debts in one payment? 
Ans; Sano, Iida; 


2. Find the equated time for paying $400 due May 10, $500 due 
June 20, $900 due July 30, and $1,000 due Aug. 15. Ans. July 17 


3. Tefft, Weller & Co. sold to E. King & Co. goods as follows: on 
June 15, $2,500 on 30 days’ credit, and, on June 30, $3,600 on 20 days’ 
credit. Find the equated date of payment. Ans. July 18 


4. What is the equated time for the payment of three notes: one for 
$600, dated Aug. 9, 1912, for 3 months; the second for $800, dated 
Oct. 1, 1912, for 2 months; the third for $1,200, dated Dec. 21, 1912, for 
6 months? Ans. Feb. 27, 1913 


5. On Jan. 1, 1914, a merchant sold a bill of goods amounting to 
$3,600, payable as follows: 4 in 30 days, 4 in 60 days, and the remainder 
in 90 days. Find the equated time of payment. Ans, Feb. 20, 1914 
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EQUATION OF ACCOUNTS 


120. The time at which an account having a debit and credit 
side may be equitably settled can be found in much the same 
manner as the equated time of payment. The process is called 
the equation of accounts. The method is employed par- 
ticularly by business houses selling goods on credit, since by 
this method the balances of accounts may be readily deter- 
mined at any time. 

In finding the equated time of an account some date, called 
the focal date, is selected and the standing of the account with 
reference to that date is determined, interest being reckoned 
to that date on all bills due and on all payments previously 
made, and discount being computed on items of the account 
not due at that date. If the balance of interest on the credit 
side of the account is greater, credit should be extended for the 
balance of the account to equalize the excess of interest. If, 
on the other hand, the interest is greater on the debit side, the 
equated time of payment will be earlier than the focal date. 
The solutions of the following examples will make the method 
clear. 

ExampLe.—Find the equated time for the settlement of the following 
account ; 

HENRy WARDELL 


1911 1911 
Jan. 20 | Mdse., 30 da., 800 Mar. imine@ashs 400 
Feb. 18 | Mdse., 90 da., | 600 20 | Cash, 600 
Mar. | 14 | Mdse., 60 da., | 1,000 Apr. 19 (Gash; 1,000 
Apr. 10 | Mdse., 30 da., | 1,200 20 | Cash, 500 


Sotution.—The date of each item and the amount should be shown 
as in the following table. When credit is given, the date at which the 
bill is due is set down and not the date of sale. For example, 30 da. credit 
is given on the bill sold Jan. 20, making the bill due on Feb. 19. The 


Chad 
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bill of goods sold on Feb. 18 is due May 19, that sold March 14 is due 
May 13, and that sold April 10 is due May 10. The latest date, which is 
May 19, will be considered as the focal date. The interest is com- 
puted at 6%. 


INTEREST INTEREST 
Feb. 19,$ 800 89da. $11.87] Mar. 1,$ 400 79da. $ 5.27 
May 19, 600 noda. .00 | Mar. 20, 600 60 da. 6.0 0 


May 13, 1000 6da. 1.00] Apr. 1, 1000 48da. 8.00 
May 10, 1200 9da. 180] Apr. 20, 500 29da. 242 


$3600 $14.67 $2500 $21.69 
2500 14.67 
$1100 $.183) $7.02 

3 8da. 


Interest on $1,100 for 1 da. =$.183. 
38 days after May 19 is June 26, the equated time of payment. Ans. 


EXPLANATION.— The condition of the account on May 19 is 
determined. Interest is charged on each bill of goods for the 
time from the date the bill is due to the focal date, and credit 
is given for interest on each payment, reckoned from date of 
payment until the focal date. The total interest on the debit 
side is $14.67 and on the credit side is $21.69. Mr. Wardell 
should, therefore, receive credit for $7.02 if the bill is settled 
on the focal date. To find how far credit may be extended 
for $1,100, the balance of the account, we divide $7.02 by the 
interest on $1,100 for 1 day. The interest on $1,100 for 1 day 
is $.183. In 38 days the interest will amount to $7.02. 
Mr. Wardell should have credit until 38 days after May 19, 
or until June 26, for the balance of the account. 

The earliest date can be taken as the focal date and the dis- 
count on each item computed. Again, the focal date can be 
taken between the earliest and latest dates. In this case inter- 
est must be computed on some items and discount on others, 
but with the aid of a little thought the method should not 
present any great difficulty in determining when the balance 
may be paid without discount or interest. 


421. Some accountants prefer to compute the equated time 
by what is known as the products method. The preceding 
example is solved as follows by that method: 
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SOLUTION.— 
Feb. 19, $ 800X89=$71200|Mar. 1, $ 400X79=$31600 
May 19, 600x00= ; 00] Mar. 20, 600K60= 36000 
May 13, 1000X 6=,°' 6000] Apr. _1, 1000x48= 48000 
May 10, 1200X 9= 10800) Apr. 20, D0 0><29= ol 415.010 
$3600 $88000 $2500 $1380100 
2500 88000 
Sal OO $1100)$42100 


3 8 da. 
EXPLANATION.—In this method the interest is not actually 
. computed, but the equivalent principal placed at interest for 
1 day is found. ‘Taking the first item, the interest on $800 for 
89 days is equal to the interest on $80089 = $71,200 for 1 day. 
There is no interest due on $600 payable May 19. The inter- 
est on $1,000 for 6 days is equal to the interest on $1,0006 
= $6,000 for 1 day. Each item is multiplied by the number of 
days that the due date or date of payment precedes the focal 
date. When these products are added it is seen that 
Mr. Wardell owes on the focal date the interest on $88,000 for 
1 day. He should, on the other hand, receive credit for the 
interest on $130,100 for 1 day. The difference in the interest 
accounts on the focal date is equivalent to the interest on 
$42,100 for 1 day. Dividing $42,100 by $1,100 gives the 
number of days in which the interest on $1,100 equals the 
interest on $42,100 for 1 day. Credit for payment of the 
balance may be extended to 38 days after the focal date. 
It may be observed that this ‘solution gives the same result 
as that in Art. 120. 


122. In the products method, it is not necessary to calcu- 
late the interest on the items. The actual calculation is easier 
than that by the interest method, but large numbers may be 
involved. In the interest method, much smaller numbers are 
used and an error is more likely to be detected. Moreover, by 
this method the balance of an account, including interest, can 
be found directly on any date. 

Exame.Le 1—What will be the equated time of payment of the fol- 


lowing account and what will be the balance due: on Jan 2? on 
Jan. 31? Interest at 5%, 


ee" 
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Wm. BoNNER 


1913 1913 
Sept. | 1] Mdse., 90 da., 800 Sept. | 12 | Cash, 600 
20 | Mdse., 60 da., | 900 Oct. | 20] Draft, 30da., | 500 
Oct. | 25] Mdse., 60 da., | 1,000 Nov. | 15 | Cash, 800. 


Nov. | 1| Mdse., 30 da., | 2,000 || Dec. | 12 | Cash, 1,000 
1] | 


Sotuttion.—It will be noticed that one of the payments, that of $500 
on Oct. 20, is a 30-da. draft. Since this draft can be cashed for its face 
value only after 30 da., i. e., on Nov. 19, this payment must be consid- 
ered as having been made on Nov. 19. The latest date entering in the 
statement of the account is 60 da. after Oct. 25, or Dec. 24. 


INTEREST INTEREST 


Nov. 80, $800 24da. $3.20|Sept.12, $600 103 da. $10.80 
Nov. 19, 900 35 da. 5.2 5 | Nov. 19, 500 35 da. 2.9 2 


Dec. 24, 1000 noda. .00| Nov. 15, 800 39 da. 5.20 
Dec. 1, 2000 28 da. (OW Dec 1255 10 '0'0, 8 12 da: 2.00 
$4700 $16.12 $2900 $20.42 

2900 16.12 

$1800 $.30) $4.30 

1 4da. 


The interest on $1,800 for 1 da. at 6% is $.30. 
The equated time is 14 da. after Dec. 24, which is Jan. 7. Ans. 
If the account is settled on Jan. 2, a discount for 5 da. should be 
made. 
Interest on $1,800 for 5 da. at 6%=$1.50; at 5% interest=$1.25. 
Amount due Jan. 2 is $1,800—$1.25=$1,798.75. Ans. 


Should the account be settled on Jan. 31, interest would be due from 
Jan. 7, or for 24 da. Interest on $1,800 for 24 da. at 5%=$6. 
Amount due on Jan. 31 is $1,800+$6=$1,806. Ans. 


EXAMPLE 2.—When should interest begin on the balance of the fol- 
lowing account? 


HENRY WELLINGTON 


1914 1914 
June | 16 | Mdse., ; 1,200 July | 21 | Cash, 800 
July | 21 |Mdse., — | 1,000 Auge" Ads Cash. 1,200 
Aug. | 13 | Mdse., 2,000 Epi m2 s|POratt.s0) dase 600 


Sept. | 15 | Mdse., 3,600 23 | Draft, 10 da., | 1,500 
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SOLUTION.— 
INTEREST INTEREST 
June 16,$1200 109 da. $21.80] July 21,$ 800 74da. $ 9.87 
July 21, 1000 74da, 12.33]Aug. 11, 1200 53da. 1060 


Aug. 18, 2000 5lda. 17.00/Oct. 2, 1600 1da. 27 
Sept. 15, 3600 18da. 10.80/Oct. 3, 1500 noda. 00 
$7800 $61.93 $5100 $20.74 

5100 20.74 

$2700 $45)$4119 

9 2 da. 


Interest on $2,700 for 1 da. =$.45. 


Equated time is, therefore, 92 da. preceding Oct. 3, or July 3. In this 
case the interest on the debit side is greater than that on the credit side. 
This indicates that Mr. Wellington should pay the balance of $2,700 
earlier than the focal date. Had the excess of interest been on the 
credit side the equated time wouid have been later than the focal date. 


VERTICAL PENMANSHIP 


GENERAL INSTRUCTIONS 


PRELIMINARY REMARKS 


1. Advantages.—The advantages of a good handwriting 
are too well understood to require mention. Many compe- 
tent authorities say that the position of the body assumed in 
vertical writing is less injurious to the health, that time and 
energy are saved, and that the writing looks better than 
slant writing. 


2. Qualifications.—The only qualifications necessary 
are a good eye, normal hand, determination, and persever- 
ance. Vertical writing is more easily learned, written, and 
read than slant writing, and it is reasonable to expect that 
the student who will pursue these lessons faithfully may 
become a good penman. The method given of presenting 
the subject is simple and direct, and experience has shown it 
to be the very best that has been devised for producing a 
practical handwriting. The results, however, depend as 
much on the student as on the plan of instruction. 


3. Specimens.—Before proceeding with the lessons, 
write two pages of specimens, each containing one set of 
capitals, one set of small letters, one set of figures, and the 
following short letter: 

COPYRIGHTED BY INTERNATIONAL TEXTBOCK COMPANY. ALL RIGHTS RESERVED 


ce 
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Your address and the current date 


International Correspondence Schools, 
Scranton, Pa. 


Gentlemen: 
This is a good specimen of my writing betore beginning 
your lessons in penmanship. 
Yours truly, 


Your signature 


Keep one set of these specimens and send the other to 
us immediately. 


MATERIALS 


4. Quality.—No one can expect to do good work without 
good tools, and the student should be provided with the best. 
The difference between the price of a good and an inferior 
article for writing purposes is too slight to be considered, 
and the best materials are an incentive to do good work. 


5. Pens.—Vertical writing requires a fairly coarse pen 
with a smooth point. Such a pen will not produce fine hair 
lines, but it will stand resistance and at the same time pro- 
duce a smooth, firm line. Spencerian vertical pens graded 
“fine,” ““medium,’’ and “‘coarse’”’; Esterbrook 556 and 570; 
and Gillott’s vertical pens, are all good. The finer of these 
are recommended for the more advanced pupils. 


6. Penholder.—There is nothing better than a plain, 
straight holder made of either wood or rubber, slightly 
tapered, and having a cork or rubber base on which to rest 
the thumb and fingers. A holder with a metal ferrule should 
be avoided. It is not only unpleasant to the touch but it is 
injurious to the nerves, on account of the metal being a con- 
ductor of electricity, which passes from the pen point to 
the hand. 


7. Ink.—In order that one may write with confidence, 
the ink should flow freely, and it should be as black as 
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possible. Stafford’s, Carter’s, Arnold’s, and Thomas’s are 
all reliable. 


8. Blotter and Pen Wiper.—A good blotter and pen 
wiper should always be at hand. A blotter is used not only 
to absorb the surplus ink but also to rest the hand on, 
so that the paper may not be soiled. The pen wiper should 
be used frequently to keep the pen clean, so that the ink 
will flow freely from it. A wet sponge is the best wiper. 
A small piece of chamois skin or a cotton cloth, however, 
will answer. 


9. Paper.—Always provide a liberal quantity of good 
letter or foolscap paper; not necessarily the most expensive. 
but a paper of fair weight, with a hard, smooth finish, with- 
out gloss. 


POSITION 


10. Position of the Body.—There are three good 
reasons why a student should assume a correct position at 
the desk: First, it permits free play to the circulatory 
and respiratory organs; second, it allows control of the 
muscles of the arm and hand; third, the writer feels, appears, 
and acts better. 

Sit squarely in front of the desk, leaning slightly forwards 
without bending the back. The right arm should be placed 
on the desk at right angles to the left, both elbows off the 
desk and quite near the body without touching it. The left 
hand should be used to hold or steady the paper. The feet 
should rest squarely on the floor, the left foot a little in 
advance of the right, a position that enables one to rise with- 
out changing the position of the feet. This will give neces- 
sary firmness as well as ease and comfort. (See Fig. 1.) 
While writing, every muscle of the hand, arm, and body 
should be in a relaxed condition. 


11. Position of the Paper.—While the ideal position 
of the paper for children is parallel to the front edge of the 
desk, as shown in Figs. 1 and 2, the person accustomed to 
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slant writing will find it more natural and easy to slant the 
paper a little to the right, as shown in Fig. 3, so that the 
arm will have more room to rest on the desk, but not so 
much as in slant writing. The paper should be placed a 
little to the right of the middle of the body, as shown in 
Figs. 1 and 8, so that the pen will begin at a point opposite 
the breast bone. If the pen begins at a point to the left of 
the breast bone, the writing will slant to the left of the 
vertical, and will lead to backhand writing. It is very 
important that these points should be carefully observed 
and followed until they become a habit. 


12. Position of the Hand.—One of the strongest 
claims made for the superiority of vertical over slant wri- 
ting is the naturalness of the position of the hand in holding 
the pen. No turning or twisting of the hand or wrist into 
an abnormal position is necessary in vertical writing. Drop 
the hand to the side ina natural position; then raise and 
place it on the desk as you find it. All of the fingers will 
be in a slightly bent position, as shown in Figs. 2 and 3, the 
first finger being bent a little less than the second; the 
second, less than the third; the third, less than the fourth. 
Place the penholder between the thumb and first finger, 
both being in a slightly bent position, with the first finger 
on the top of the holder and about 1 inch from the point of 
the pen, as shown in Fig. 2; place the end of the thumb on the 
holder opposite the first joint of the second finger, as 
shown in Fig. 4. The second finger should drop a little to 
the right of the holder, so that the holder will pass opposite 
the root of the finger nail, as in Fig. 4. The third and 
fourth fingers should be drawn back so that they separate 
from the others at the first joint of the second finger, as ir 
Figs. 1 and 2, resting them on the sides of the fingers, as ir, 
Fig. 4, or, better, on the nails, as in Fig. 3. This, with 
some shaped hands, is difficult. One of the best tests of 
the correctness of the position of the fingers holding the pen 
is that they can be moved easily and naturally and that the 
pen so held will move in a vertical line. 
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MOVEMENTS 


13. There are four movements recognized in writing: the 
whole-arm, the finger, thé muscular or forearm, and the com- 
bined or mixed. 


14. The whole-arm movement consists of the inde- 
pendent motion of the whole arm from the shoulder, using 
ali of the muscles that control the joints of the arm and hand, 
the only rest being on the pen and nails of the last two fingers. 
This movement is used in making large capitals and orna- 
mental work, and also in writing on the blackboard, where 
there is no possible rest for the arm and hand. 


15. The finger movement consists of simply moving 
the thumb and fingers by extending and contracting them. 
-While this movement is net to be recommended for exclusive 
use, it can be used to advantage at the beginning, when 
learning the forms of the letters. The student will find he 
has a more sure control of the muscles of the joints of the 
hand than of the joints of the arm. 


16. The muscular, or forearm, movement consists 
of resting the fleshy part of the forearm on the desk in a 
relaxed condition, the elbow just off the desk, and simply 
pushing and pulling the arm back and forth in the sleeve with- 
out moving the cuff of the sleeve. This brings into action 
the muscles of the shoulder joint, which run down from the 
shoulder to the spine. These are the muscles that very 
largely control the pull motion of the arm, and the muscles 
running down from the shoulder to the chest are those that 
very largely control the push motion. There are other 
muscles that control the smaller joints of the arm and hand, 
but they are of minor importance as compared with the 
shoulder muscles. To acquire a free, smooth, and rapid 
handwriting, these muscles must be brought under quick con- 
trol, until their use has become a habit. This is possible 
with every one that is willing to give it thoughtful, pains- 
taking practice. 
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17. The combined, or mixed, movement is just what 
its name indicates—a combination of the other movements— 
a simultaneous action of the arm and hand, one working in 
unison with the other. It is the ultimate result of the train- 
ing that comes from the other movements. It becomes an 
ideal movement when all of the muscles controlling the 
joints of the shoulder, elbow, wrist, and fingers respond 
quickly to the mandates of the will. 


DEFINITION OF TERMS 


18. Before entering on the study of a subject, it is 
important to know the meanings of the terms used. The 
following are those with which the student of penmanship 
should be familiar: 

Base Line.—The real or imaginary line on which the 
writing rests. i 

Circle.—A plane figure bounded by a curved line that 
is everywhere equally distant from a given center. 

Connective Slant, or Line.—A curved line slanting 45° 
to the right of the vertical. The line may be a simple ora 
compound curve. 

Headline.—The real or imaginary line to which the short 
letters extend. 

Left Curve.—A curved line on the left-hand side of a 
circle. 

Lower Turn.—The turn at the bottom of a letter. 

Main Line.—A firm, straight, vertical line without shade. 

Right Curve.—A curved line on the right-hand side of a 
circle. 

Sharp Turn.—The point where two lines running in 
different directions meet and where the pen stops before 
changing direction. 

Space.—The height of the small 7, without the dot, is 
the unit of measurement for both height and width of 
letters, and is called a space. 

Straight Line.—A line that does not change direction 
throughout its entire length. 
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Top Line.—The real or imaginary line to which the loop 
and capital letters extend. 
Upper Turn.—The turn at the top of a letter. 


PROPORTIONS OF LETTERS 


19. The short letters are one-half the height of the loop 
and capital letters, the small z being the standard, or unit of 
measurement. The /, d, and p should not be made quite so 
high as the loop and capital letters; or, to be more definite, 
they should be one-fourth of a space shorter, as shown in 
Fig. 5. The x ands should be one-fourth higher than the 
short letters. The J, f, y, and g should extend one space 
below the base line, and all loop letters one and one-half 
spaces below, making the crossing on the base line. The 
crossing of the loop above the line should be a little less 
than one space above the base line. 

The word upright, shown in Fig. 6, illustrates the 
different Jengths of letters, both above and below the base 
line. The distances between the down strokes in letters, 
as well as those between letters in words, is shown in the 
word nine, Fig. 7. 

It will be observed that the 0, a, c, d, g, and g, shown in 
Fig. 8, are based very largely on the direct circle, and the 
x, s, and # on the reversed circle. All of the other small 
letters are based on the square. 
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THE LESSONS 


20. The lessons follow in their regular order. Each 
consists of photoengravings of pen-written copies and the 
explanations and directions for practice. In preparing the 
work for examination, write each copy at least three times. 
Never send in more than one lesson at a time. 


LESSON 1 


Copy 1.— Small o: This letter begins and ends at the 
headline and is made with one motion of the pen; that is, 
the pen continues to move from the beginning to the finish 
of a letter, there being no sharp turn where it stops to 
make a change of direction. The down strokes are a little 
firmer, or stronger, than the up strokes. This is because 
the muscles that control the movement of the hand toward 
the body are stronger than those that push the hand from it. 
Practice the copy freely, using a strong, rolling motion, and 
maintaining a fair rate of speed. 

Copy 2.—Capital O: This letter is made twice as high 
as the small letter. It is shown in several difficult com- 
binations—joining the x and connecting with the top of 
the w. Maintain a correct position of the body, observe the 
directions for holding the pen, and be careful of the move- 
ments. Practice the copy until the muscles respond quickly 
to the will. 

Copy 3.—Small c: This letter appears at the beginning 
of a word, between two other letters, and two are shown in 
combination. Study these forms and be careful to get a 
uniformity of the down strokes. 

Copy 4.—Capital C: Begin with a short, vertical, straight 
line; then trace the circle a few times with a free, smooth 
motion, but not necessarily rapid. Finish the letter at the 
headline. Make the single C, and write the words with 
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the same strong but smooth motion, observing carefully 
the uniformity of the small letters. 

Copy 5.—Small g: Begin by tracing a circle; then add 
the loop or the straight, vertical line, according to the style 
of letter used in different parts of a word. Write the words 
with a strong, pulling, rolling motion, giving fulness to the 
round turns at the top and the bottom of the letters. 

Copy 6.—Capital G: The first part of the letter is like C, 
and should be drilled on in the same way. Study carefully 
the up stroke of the loop, and give special attention to the 
liberal spacing between the words in the sentence. 

Copy 7.— Small d: This letter is formed from the circle. 
Make and trace the circle as indicated in the copy, to gain a 
free control of the muscles as well as to get a clear idea of 
the form, and then apply it to the d in the words, keeping 
constantly in mind the smooth touch of the pen that will lead 
to quality of line in the letters. 

Copy 8.—Capital D: The shape of this letter and the 
motion in making it should be studied with great care. 
Observe the small loop at the bottom of the letter and the 
oval at the top. Drill especially on the oval by tracing it 
as shown in the copy and apply it to the beginning of a 
sentence. Notice every new combination of small letters 
and try to show improvement in the general appearance of 
the sentence. 

Copy 9.— Small a: This letter appears at the beginning 
of a word and between other letters. It should be treated 
practically the same as the small d. Inasmuch as this copy is 
composed of short and not difficult words, there should be 
freedom of action. This will result in a good quality of line. 

Copy 10.—Cafital A: This letter is similar in shape to the 
small a, the difference being largely in the proportion. The 
capital is based on an oval and the small a on the circle. 
Practice the letter in the same way as before, and then write 
the sentence as if you were asking the question. This will 
enable you to make your writing practical—thought and act 
will become one. Study carefully the shape of the interro- 
gation point. 
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Copy 11.— Small e: This letter is shown as it appears 
alone, at the beginning of a word, and between other letters, 
giving its formation from the base and from its connection 
with the top of another letter. 

Copy 12.—Cafpital E: Make a short, vertical, straight line 
and then trace the circle both at the top and at the bottom, 
finishing at the headline, the upper circle being a little 
smaller than the lower one. The loop joining the upper 
and the lower parts of the & should be horizontal. The Z£ 
joined to the small w and another to the m gives different 
combinations. These should be practiced until the com- 
binations can be made with ease. 


LESSON 2 


Copy 13.—Small nn: Observe that this letter occupies 
three squares, as indicated by the dotted lines, and that 
it appears in the copy in different parts of a word. This 
copy is not difficult and should be practiced with the view of 
freedom of motion, keeping in mind the uniformity of the 
up and the down strokes. 

Copy 14.—Capital N: This letter is one of the “reversed 
motion” class of letters, the motion being distinctly opposite 
to the O, C, G, D, A, and £& in the last lesson. Begin by 
making a short, vertical, straight line, which gives a little 
momentum to the hand, and then trace the circle several 
times until you can make a full, round turn, and reverse the 
motion at the bottom. Following this, make the VV and 
write the sentence, observing carefully the spacing and the 
difficult combinations. 

Copy 15.— Small m: This letter occupies four spaces in 
width, or one more block than the xz. The same instructions 
apply to the two letters. 

Copy 16.—Cafital M: Practice making the // in the 
same manner as the J, as indicated, and then write the rest 
of the copy, observing the punctuation marks. Study care- 
fully the form of the figures and the general appearance of 
the whole line. 
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Copy 17.—Small x: Notice that this letter is based very 
largely on the direct and indirect circle, and that the first 
part of the x and of the z are very much alike. 

Copy 18.—Capital X: It will be seen that the upper part 
of the X and also of the Z is based on a larger circle than 
Nand 17. Work for results in form and easy motion. 

Copy 19.—Small w: This letter is the ~ doubled, and 
each part is practically the same width as a w. The con- 
nection between w and z should have attention and careful 
practice. 

Copy 20.—Capital W: The instruction given for the 
practice of VV and #7 applies equally well to the W, except 
that the point where the pen stops to make the sharp turn is 
at the bottom of the /V, while in the lV it is at the top. 

Copy 21.—Small g: This letter is made with the same 
motions as the g, except that the down stroke of the loop 
turns to the right instead of to the left. The loop should be 
the same length in both letters, and the distance between 
the g and z should be practically the same as between the 
down strokes of the z. 

Copy 22.—Cafital Q: The instructions in regard to the 
drill cn the circle in the capital X and Z applies equally well 
to the Q. The loop at the base should be horizontal. 

Copy 23.—Small v: In writing a word containing a v, 
great care should be given to the connection with othe 
letters. 

Copy 24.—Capital V: Drill on the V according to the 
instructions given for the WV, and write the sentence, think- 
ing of what you write as well as of how you make the form 
of the letters and the combinations. 


LESSON 3 


Copy 25.—Small u: This letter is two spaces wide 
and is made the same as 7. Different combinations are 
shown. a 

Copy 26.—Capital U: Drill on the circles in the U until 
confidence is felt in control of the hand, and then make the 
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single letter and follow it by writing the sentence, giving 
attention to both form and free control of the hand. 

Copy 27.—Small y: Study carefully the shape of the 
first part of this ietter, which is the same as the last part ot 
an 2. The loop crosses on the base line and finishes at the 
headline, and is one and one-half spaces long below the base 
line. The final y is finished with a straight, vertical line 
extending one space below the base. 

Copy 28.—Cafztal Y: Practice tracing the circle; make 
the loop below the base the same length as that in the 
small y, and then write the sentence, observing the punctua- 
tion and uniformity of the up and the down strokes. 

Copy 29.— Smallz: This letter, without the dot, should 
fill one square block, as indicated by the dotted lines. 
Drill on the words in the copy to learn the different com- 
binations. 

Copy 30.—Capital 7: Study carefully the lower part of 
the letter and observe that it is one-half of a circle. | Drill by 
tracing the circle and follow this by making an / and writing 
the sentence. 

Copy 31.— Small 7: Observe that the loop is the same as 
in the y. Make the 7 and write the words with the different 
combinations. 

Copy 32.—Capital J: Trace the letter as it appears in the 
copy, working for free control of the muscles as well as for 
shape of the letters. Make the single /, and write the name 
and date, observing the punctuation marks and shape of the 
figures. 

Copy 33.— Small h: This letter is two spaces high and 
three wide. It is shown at the beginning and at the end 
of a word. 

Copy 34.—Capital H: ‘Trace the letter as indicated in 
the copy, and study the shape and the movement that pro- 
duces it. Make the single #, and write the sentence as if 
you were giving advice. 

Copy 35.—Small k: This letter is so nearly the shape of 
an # that the same instruction will apply except that the last 
part is a little higher and requires more care. 
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Copy 36.—Capital K: Observe that the tracing exercise 
of the K has both the direct and the reverse motion of the 
circle. The loop that joins the parts together should be 
horizontal. Write the sentence with a graceful movement. 


LESSON 4 


Copy 37.— Smalls: Observe carefully the reversed motion 
of the circle that produces the main part of the s. Drill on 
the tracing. Make the single s a little higher than the other 
short letters and write with care the letter in the different 
combinations. 

Copy 38.—Capital S: The lower part of the capital S is 
also based on the circle, and should be practiced until the 
muscles will produce it with ease. Make the single S, and 
write the sentence, which has some difficult combinations. 

Copy 39.—Small 1: The loop of the letter should cross 
three-fourths of a space above the base and be two spaces 
high, and two spaces wide. Make the / and write the words 
with 7 combinations. 

Copy 40.—Cafital L: Make a short vertical line at the 
beginning of the letter, and follow it with a small circle, 
tracing it several times; then descend with a vertical com- 
pound curve to the base line, forming a loop, and finishing 
at the headline with a horizontal compound curve. Write the 
sentence with a firm, strong motion. 

Copy 41.— Small ¢: Observe that this letter is not quite 
so high as the loop letters, and that the crossing is one space 
long and equal on the two sides of the down stroke. The 
final ¢ should be without the crossing. The final up stroke 
is used as a substitute for it, to make the letter more simple, 
so that it can be written rapidly. 

Copy 42.—Capital 7: This letter begins with a vertical 
straight line made very short, joined with a horizontal com- 
pound curve to a vertical compound curve, which should be 
made nearly straight. It is finished with a dot at a point a 
little to the left of the beginning. Practice the 7 with a 
free, graceful movement. 
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Copy 43.—Small f: This letter should extend two spaces 
above the base line and one below. The pen should be 
removed at the bottom of the final stroke. The width is two 
spaces. Observe that the / is used in different combinations. 

Copy 44.—Capital F: The instructions given for 7 apply 
to the /, except that this letter is finished with a horizontal 
straight line about one space long and half the height of the 
letter. Drill as indicated in the copy. 

Copy 45.— Small p: The first part of the f is a little less 
than two spaces above the base line and one below. Remove 
the pen at the bottom and finish the letter with a reversed 
circle, terminating witha dot. Practice as shown in the copy. 

Copy 46.—Capital P: This letter begins with a slight 
curve, merging into a vertical straight line. Remove the pen 
at the bottom and finish with a reversed circle, terminating 
with a dot. The best results will be obtained by a system- 
atic drill on the copy. 

Copy 47.— Small 6: Observe that the shape of the first 
part of the 4 is the same as the first part of the /, and the 
last the same as the final part of the w and the v. Practice 
with the view of mastering the difficult 6 combinations. 

Copy 48.—Capital B: The first stroke of the Bis the same 
as in the P and the rest is based on the two reversed circles 
of about equal size. Practice this with the same end in view 
as in the small 6, 
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Copy 49.— Small r: This letter is a little higher than 
the z and should be made with three simple curved lines and 
one straight down stroke. Do not make a compound curve 
in the down stroke. The words in the copy involve difficult 
combinations of the 7, and should be practiced with the view 
of mastering them. 

Copy 50.—Capital R: This letter is made in the same 
way as the &, except that the loop is a little shorter and that 
the final down stroke is a vertical compound curve. Practice 
according to the plan in the copy, and do not scatter your 
energy. 
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Copy 51-54.—Review: The purpose of these lines is to 
review different capitals, including all of the direct oval 
letters and also H and X. Another purpose is to show 
how these letters may be formed into a signature, which is 
a very important thing to know. There is nothing more 
interesting and useful for practice. Observe that some of 
the capitals are joined together, which will be suggestive to 
the student in joining together the initials in his name. It 
is advisable for every one to make a study of his own 
signature, and when he has found one that he likes, one that 
is perfectly legible, he should make it a practice to drill on 
it until the result becomes a habit. There is but one way 
by which this can be accomplished—by always trying to 
write the combination the same way. 

Copy 55.—Figures and Characters: The figures should be 
made a very little higher than the small letters. Make a 
careful study of the shape of the figures and characters. 
The figures, with the exception of the 6 and the flourish on 
the 8, are all of the same height; the 7 and 9 descend a little 
below the base line. This copy should receive much practice 
and should be made with a fair rate of speed. 

Copy 56.—Review.: Observe that this is a review of the 
figures and two of the characters. They should be written 
with greater speed than the former. 

Copy 57.—Faragraph: The purpose of this copy is to 
teach the mechanical form of a paragraph, which begins 
about # inch to the right of the beginning of the lines, and 
also to express thought in well-formed letters. 


LESSON 6 


Copy 58.—/ndention: The purpose of this copy is not to 
teach how to write a word or a sentence, but to show the 
indention of a paragraph. A person may be able to repeat 
the same sentence and make a creditable page, but may not 
be able to write-a pleasing page composed of several sen- 
tences. This copy is composed of two sentences, with a 
number of punctuation marks, which should be made with 
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care. First, read and study the copy carefully from the 
standpoint of the whole, not from that of a single letter 
or word; then write it with confidence and with a free, 
smooth motion, which will produce a pleasing effect. When 
the work is examined and criticized, it will be judged by its 
appearance as a whole. 

Copy 59.— Stanza: This copy contains another difficulty 
of mechanical arrangement, every other line being indented 
from 4 to ¢ inch. Study the copy carefully and write it with 
the same points in view as in writing the previous paragraph. 


LESSON 7 


Copy 60.—Recezpt: Business forms are of such impor- 
tance in every-day life that their use in connection with 
the subject of penmanship requires no explanation. 

A receipt is a written or printed statement or acknowledg- 
ment of the receipt of money or other value. The most 
common kinds are on account and in full of account. Oz 
account simply means that a part of the indebtedness has 
been received; zz full of account means that the whole 
indebtedness has been canceled. A receipt may be given 
for rent, for a note, to apply on a partial payment of a note, 
for tuition, and for various other causes. 

The writing of a receipt involves mechanical arrangement, 
capitalization, punctuation, good writing, and the thought 
expressed. One of the secrets of success in this work is 
in learning how to look at the copy to gain the essential 
points, and how to sift them from the non-essential. 

Copy 61.—Due Bill: This copy is also a common busi- 
ness paper. It should be studied with the same thoughtful 
care as the receipt. 

A due bill is a written acknowledgment of debt, and is 
usually payable in merchandise, but it can be made payable in 
money. It is more common to make it payable on demand 
than at some stated time. If it is desired to make it transfer- 
able to another person, or negotiable, the words “‘or order’’ 
should be inserted the same as in a promissory note. 
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Copy 62.—/Vote: This copy is one of the most common 
business forms and is called a promissory note. It should 
be studied in every detail and practiced until its form is 
impressed on the memory and the writing of it is a physical 
equipment of the student. 

A promissory note is a written promise to pay some 
designated person a specified amount of money at a cer- 
tain time. It may be made negotiable by using the words 
“or order” following the name. 

Notes are indorsed on the back in the following ways: In 
blank, in full, receipt, and without recourse. Indorsing a 
note zz dlank means simply that the person in whose favor 
the note is drawn writes his name on the back of the paper, 
about one-fourth the distance from the end, directly opposite 
the beginning of the note; zz fu// means that the person in 
whose favor the note was originally drawn writes ““Pay to 
the order of’’ a third person; a vecezp¢ indorsement is one in 
which the holder of the note writes the words “‘Received on 
the within note,” stating the sum, and writes his name 
below it; wzthout recourse is simply writing ‘Without 
recourse”’ and below it the signature. 

Great care should be given to the writing as well as to 
the other essential points. 

Copy 63.—A4z//: This is another very important business 
form. The one shown in the copy is receipted. Study 
every detail of it with great care. This is an excellent copy 
on figures, writing, punctuation, and signature. 


LESSON 9 


Copy 64.—Business Letter: We have now reached a full- 
page unit composed of two paragraphs and arranged in the 
most approved manner on letter paper 8 inches by 10 inches. 
There is nothing of more importance than to know how to 
write a creditable business letter. Many a position has 
been lost because the person has not been able to come up 


§ 14 VERTICAL PENMANSHIP . 39 


to a fair standard in this simpie, every-day matter of writing 
a letter. Others have received their first recognition on 
account of methodical, painstaking work in this line, and 
have risen to positions of trust and influence. 

There are three elements that constitute a good letter: 
First, the ability to express the thoughts in simple, concise 
language; second, in being able to arrange sentences and 
paragraphs in such a manner as will conform to custom and 
good taste; third, in having power over the muscles so as to 
be able to execute a good handwriting. The copy has been 
arranged with these points in view, and it remains with the 
student to master them. 

As arule, the name of the place should begin practically 
in the middle of the line. On letter paper, the name of the 
person should begin ¢ inch to the right of the edge of the 
paper, and a little less on note paper. This arrangement 
leaves a liberal margin. ‘The address under the name should 
be so arranged as to break the space and avoid having two 
lines begin or end at the same point. The words “Dear 
Sir’ and all paragraphs should begin at a point # inch to the 
right of the beginning of the name. The margin at the right 
should not be as much as at the left. ‘‘ Yours truly”’ should 
be practically in the middle of the line, and the name should 
finish at a point directly under the finishing of the full lines. 

Write this letter several times with a free, strong move- 
ment. 

Copy 65.—Superscriptions: While these copies seem very 
easy to write, they will be found quite difficult when they are 
to be placed on an envelope and arranged so that the space 
will be broken in a manner pleasing to a cultivated taste. 
Three different superscriptions are given, which are arranged 
to illustrate the most common kinds in use, and also a 
visiting card. The name should be located in the middle of 
the envelope, from left to right, and also from top to bottom. 
The space below the name is divided into as many equal 
parts as there are lines, and of two successive lines neither 
the beginning nor the ending of the second is in a vertical 
line with the beginning or, ending of the first. Inasmuch as 
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there are no two superscriptions that are exactly alike, it 
requires a good eye and much practice to adapt the matter 
to the space. 

Write these copies with great care. 


LESSON 10 


Copy 66 and 67.—/riendly Notes: The purpose of these 
copies is to teach how to write a friendly note, how to 
answer one, and also how to arrange them on commercial 
note paper. First, observe the appearance of the whole page 
of each and then carefully analyze the arrangement of the 
different lines; second, study the language that expresses 
the thought; third, study the letter forms and combinations. 

Such notes are written on commercial note paper or on the 
note paper that comes in boxes, with envelopes to match. 
The ordinary note paper is 5 inches by 7 inches, and is 
folded twice to fit the envelope, while that which comes in 
boxes varies in size and is folded once to fit the envelope; a 
popular size is 52 inches by 7 inches. 

Write the note of request several times. 

It will not be necessary to make the monogram shown at 
the top of the note. 
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Copy 68.—Review: This copy is a review of all the cap- 
ital and small letters separately, and gives a sentence con- 
taining all of the small letters of the alphabet in nearly all of 
the different combinations. Drill on each letter separately 
before practicing the entire copy. ‘These specimens should 
show a quality of work superior to the others, both in form 
and movement, and they will be a test of the student’s per- 
severance. Every line will be a picture of the touch and 
motion that produced it, and each letter and combination 
will be closely examined and criticized in a spirit of justice 
and with a view of benefit to the student. 

Copy 69.—Rafpfid Printing: With the exception of the 
specimen page, the final copy of the series has now been 
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reached, which is a few lines of rapid printing in a style well 
adapted to business use. The forms and proportions are 
the same as in writing. It is necessary, in printing, to 
acquire a firm, steady touch of the pen, keeping the 
lines uniform in width, spacing, and height, and as nearly 
as possible of the same strength. 
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Copy 70.— Specimen: This copy is nearly like the letter 
the student was asked to write before beginning practice. 
The work on this specimen should show that the eye has 
been trained to see better and the muscles to act better, 
which means greater skill. 

Study this letter carefully and observe the arrangement of 
the different parts, paying particular attention to those to be 
added. Give it conscientious practice, for it should be an 
improvement over the first specimen. 


PENMANSHIP 


GENERAL INSTRUCTIONS 


PRELIMINARY REMARKS 


1. Good writing may be briefly defined as writing that is 
easily read and easily and rapidly written. Legible writing 
depends on a correct idea of form: Easy writing depends on 
movement. Rapid writing depends on simplicity of form com- 
bined with ease of movement. 

Easy, rapid, graceful, tireless writing is the result of muscular, 
or arm, movement. Users of the arm movement never have 
writers’ cramp, which results from gripping and the use of the 
small muscles of the hand and fingers that tire easily. The 
large muscles of the arm and shoulder, which are tireless so 
far as their use in writing is concerned, should be made to do 
the work. The function of the hand and fingers is simply to 
hold the pen, not to propel it. 

Two things are necessary to the acquirement of a good hand- 
writing: study and practice. Study is the only means by which 
the correct forms of the different letters can be learned, and 
practice is necessary to gain the control of the muscles required 
for the execution of those forms when once fixed in the mind. 

Since the ability to write a fine hand is an acquirement and 
not a natural gift, any person not positively deformed who is 
willing to work, who is intelligent enough to work in the right 
way, and who will persevere for a reasonable time, can become 
a good writer—not an expert, perhaps, for that requires talent 
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as well as effort, but able to write a good, plain business hand, 
which is all that is needed or desired by the average person. 

The time is past when writing was an accomplishment 
possessed by a few. Today every one is expected to be able 
to write, and although writing may be regarded as a fine art, 
and is considered as such in the penmanship of those who 
excel in it, yet it is not too much to expect all to be able to write 
legibly and well. To ask a man to spend his valuable time and 
exercise his ingenuity in trying to read illegible writing is nothing 
short of imposing on his good nature. 

In commercial schools more attention has been given to the 
teaching of penmanship than in public schools, simply because 
a good hand is a qualification that business men insist that a 
bookkeeper or clerk shall have. Penmanship is, therefore, an 
extremely important subject for one who expects to enter 
the commercial field, and the greatest effort should be made to 
master it. a 


2. Foundation of Good Writing.—In the system of 
writing set forth here, the first task will be to learn to use the 
arm movement. This is in a sense the foundation, though, 
if satisfactory progress is made, movement and form must 
advance together. Attention given to form only means cramped 
writing; to movement only, scribbling. 

Correct movement depends so much on correct position that 
the position may be said to be for a time the most important 
thing to consider. It is the key to easy and rapid writing. 
Do not be content to read the description of the position once 
and to glance at the illustrations today with no thought of 
ever going back to them; refer to them often and study them 
so closely that they will become fixed in your mind to stay. 
With every lesson let the first thought on beginning daily prac- 
tice be of your position and the manner of holding your pen. 
In time you will learn to assume the right position without 
special care, for it_is in reality the easiest and most natural 
one that can be taken. But until the correct position has 
become a habit you must watch yourself closely. 


§ 15 PENMANSHIP 3 


POSITIONS 


3. Position of Body.—Observe attentively the position 
shown in Figs. 1 and 2. These illustrations show the correct 


Fic. 1 


position more plainly than it can be explained in words. ‘The 
feet are squarely on the floor and separated, and both arms are 
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on the table, so that the body is in what is known as the front 
position, which keeps the shoulders even. The body leans 
forwards over the table only as much as the bending from the 
hips throws it forwards naturally. If the sight is normal this 


Fic. 2 


brings the eyes at the proper distance from the writing. Thus, 
the position of the body is natural, easy, and healthful. Writing 
will not make you round-shouldered or your shoulders uneven 
if your position is right. 
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4. Position of Paper, Etc.—Fig. 3 shows the relative 
position of desk, paper, arms, and pen. Observe that the 
paper is placed diagonally across the desk but that it is not 
slanted enough for the edge to be parallel with the right fore- 
arm; that the right and left arms are at right angles to each 
other; that the elbows project just a trifle over the edge of the 
desk; and that the penholder points in a direction not quite 
over the right shoulder but between shoulder and elbow. 

A blotter should be placed under the right hand and be held 
in place by the left. The hand glides on this and the paper 
is protected from being soiled by perspiration from,the hand. 
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The right elbow should be shifted from two to four times in 
writing across a page and the sheet must be moved forwards 


as progress is made toward the bottom. 


5. Position of Arm and Hand.—Figs. 4 and 5 show the 
position of the arm and hand. Note that the arm rests on the 
fleshy part just in front of the elbow and that the hand rests and 
glides on the nails of the third and fourth fingers. Some pen- 
men prefer to curl the fingers under a little more so that the gli- 
ding rest is on the joint of the little finger. Which of these two 
positions is the better depends on the length of the fingers. The 
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hand must not be turned over to the right enough so that the fleshy 

part touches the table. Neither should the wrist quite touch. 
The illustrations show the penholder crossing the hand at 

the knuckle joint. Some persons prefer to hold the pen in a 


Fic. 4 


slightly more upright position so that it crosses the hand just 
in front of the knuckle, others let it cross behind the joint. 
There is no set rule regamame this, although it is generally 


Fic. 5 


agreed by penmen that the penholder should incline at an 
angle of about 45°, which is half way between horizontal and 
perpendicular. 
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The pen should be grasped firmly but lightly. Guard against 
gripping tt tightly; this cramps the muscles, tires the arm, and 
prevents freedom. 

The clothing on the arm and shoulders should be loose and 
light. Tight sleeves make freedom impossible. Stiff cuffs 
are also a hindrance. 

The full weight of the right arm should fall on the muscle, 
as shown, but any weight from the body that is made to fall 
on the arms can be thrown entirely on the lett so as to allow 
the right perfect freedom. 

No part of the hand should touch the paper except the tips of the 
third and fourth fingers. 


6. Drill for Position and Arm Movement.—To get 
into position for writing, relax all muscles and let both arms 
fall lifelessly to the sides; swing them backwards and forwards 
a few times, then raise them entirely above the desk and let 
them drop into place. The fingers will curl under naturally 
so that the hand will be about half closed and in just the right 
position for holding the pen. Do this for practice a number 
of times. ty 

A drill for muscular action is the following: Place the arm 
in the position shown by Fig. 4, but, instead of taking the pen, 
close the hand in a tight fist, then move the arm rapidly for- 
wards and backwards on the muscle as far as you can without 
sliding the sleeve. The movement should be in and out of the 
sleeve, or if you wish you may practice with the sleeve rolled 
up as shown in the illustration. 


7. Requisites for Free-Arm Movement.—The requisites 
for free-arm movement may be briefly summarized as follows: 

1. Correct position of body, arm, and hand, which allows 
unrestricted action of the muscles. 

2. Loose clothing on the arm and shoulders. 

3. No gripping of the pen. 

4, Relaxation. Not a muscle in the entire body should be 
tense. 


5. The use of the forearm muscle as the center of motion. 
Ce? 
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MATERIALS 


8. Do not try to economize on writing materials. Poor 
materials mean poor work. Use plenty of paper and pens but 
do not waste them. Utilize every inch of your practice paper. 

The paper should be ruled and have a firm and smooth, but 
not glossy, surface. A good quality of foolscap is to be 
preferred. 

Pens about as fine as Gillott’s No. 604, Tec. No. 1, or Spen- 
cerian No. 1 are recommended. Moderately fine pens produce 
the best results for practice work. They compel the culti- 
vation of a light, elastic touch, one of the essentials of good wri- 
ting; they bring out the defects of the writing more plainly than 
others, thus allowing closer criticism; and they make necessary 
the exercise of care and attention to details. 

If your touch is naturally very heavy and you find it impos- 
sible not to shade when you use a fine, flexible pen, try Gillott’s 
No. 603 or 601. These are fine but stiff. 

The penholder should have a cork or a rubber tip or be 
entirely of wood. Metal penholders are not good because they 
are usually so small near the point as to cause a tendency 
toward gripping. 

The ink needs to be of a quality that will flow freely and 
evenly. A blue-black fluid ink is much better for ordinary 
writing than a jet-black ink, the latter being too heavy and 
thick. Do not use ink that is old, pale, or filled with sediment. 
Stafford’s, Carter’s, or Arnold’s inks are of a satisfactory 
quality. 
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'THE LESSONS 


DIRECTIONS FOR STUDY AND PRACTICE 


9. This Section on penmanship consists of twenty lessons 
and each lesson is divided into a number of exercises, there 
being, in all, one hundred and twenty-one exercises. Neither 
a lesson nor an exercise of a lesson should be thought of as a 
day’s work, but at least one day’s practice period should be 
devoted to each exercise, and after all the exercises of a lesson 
have been practiced the lesson should be reviewed as a whole 
and extra time devoted to exercises that are especially hard. 
The aim should be to get everything possible out of a lesson 
and not to get over it in the shortest time. 

In order to become a good penman, it is necessary to practice 
intelligently. Little or nothing can be accomplished by care- 
less practice, and every hour of scribbling will make you a poorer 
rather than a better penman. Before beginning practice on 
any exercise, you should study the copy carefully in order to 
learn the correct form of each letter. Observe the parts of each 
letter closely, noting each curved, each straight, and each 
retraced line, each angle and each turn. The closer the dis- 
tinctions that are made between curved and straight lines and 
between angles and turns the better the writing will be. Your 
own work should also be studied and compared with the copy 
in order to find the faults and their remedy. If any of your 
letters are badly made, compare each one with the copy and 
practice on it until you can make it correctly. 

The correct forms of letters are not hard to learn, but much 
practice is required in order to gain the skill necessary to 
execute the forms correctly and to secure such control of the 
muscles as will enable you to write with an easy, rapid, flowing 
motion. 
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The small muscles of the hand and fingers are easily con- 
trolled but they tire easily. The large muscles of the arm and 
shoulder are so far removed from the point at which the writing 
must be done that they are difficult to control, but they can 
be used for hours without fatigue. It follows that finger- 
movement writing is easy to learn but hard to use, and that 
arm-movement writing is hard to learn but easy to use. 

It will be unnecessary to be concerned about the matter of 
slant of the letters if the manner of practicing is right. Uni- 
formity in, rather than any particular degree of, slant is what is 
desired. The paper must be properly placed and the position 
of the body, hand, and arm be correct. Down strokes are 
produced by drawing the hand back on the muscle of the fore- 
arm, and if they are all made to take a direction toward the 
center of the body they will slant. properly. 

To be well executed, the writing must be neither too fast 
nor too slow. Slow writing shows weak, tremulous lines and 
is nearly always done with a cramped movement; a too rapid 
motion results in scribbling and does not allow of proper letter 
formation. The speed should be so regulated as to allow the 
motion to be easy, uniform, and graceful. Light, firm, clean- 
cut lines will be produced if the rate of speed is correct. 


10. Before beginning practice on any exercise, read the 
instructions regarding it and follow the directions carefully. 
Practice regularly and send lessons for criticism at intervals 
of about 10 days or 2 weeks. By the time you have practiced 
as long as that on any lesson you need criticism. Perhaps 
you may not have succeeded in getting your work up either 
to your own standard of excellence or to what we require for 
a passing grade, but send it anyhow. If you are not improv- 
ing, it shows that you need help. Work faithfully and do 
not get discouraged or feel sensitive if your lesson is returned 
with a request for additional work. Monotony may be avoided 
by taking up thé study of some other subject in connection 
with penmanship. 

Never send in more than one penmanship lesson at a time. 
Lessons on different subjects may be sent in the same envelope. 
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LESSON 1—EXERCISES 1 TO 8 


11. Exercise 1.—The first exercise is an oval drill. Before 
beginning it give careful attention to your position to see that 
you have it exactly right, and practice the drill given in Art. 6 
for securing muscular relaxation and arm movement. 

The direct oval drill begins with a down stroke on the left- 
hand side as shown by the arrows. It is distinguished from 
the reverse, or indirect, oval which will be used later and 
which is made with the opposite motion, having an up stroke 
on the left. 

The movement for this exercise comes from the same muscles 
that are used in the drill for arm movement described in Art. 6, 
but a circular motion is required, the arm rolling on the muscle 
in front of the elbow. 

Keep the fingers passive. Remember that the force which 
propels the pen is above the elbow. Do not let the hand turn 
over on tts side. 

The height of the oval should be. twice the space between 
two lines on the paper and the exercise should be in two parts, 
each half a line in length. Each half line should represent. 
about two hundred revolutions and be written in about 65 or 
70 seconds, a rate of about three revolutions a second, or 180 
revolutions a minute. You can regulate your speed and secure 
a rhythmic motion by counting as follows: 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 1, 2, 3, 4, 5, 6, 7, 8, 9, 20, 1, 2, 3, 4, 5, 6, 7, 8, 9, 30, etc. 
Do not pause after 10, 20, and 30 but keep the count up 
steadily. Be sure to time yourself until you get the correct 
speed. 

Strike out boldly, freely, and forcibly, keeping in mind 
that the objects of this exercise are position, movement, and 
speed, not perfect forms. The forms will come in time if your 
method of practice is right and your mental picture of the drills 
correct. 

Aim for light, fine lines, and try to see how far you can write 
with one penful of ink. 

It will pay you to put all of your practice for several days 
on Exercise 1 and the drills for position and arm movement. 
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12. Exercise 2.—Exercise 2 is like Exercise 1, except that 
the oval is only half as high. Two hundred revolutions in 
this drill should be made in about 1 minute. Count as in 
Exercise 1. 

The general direction of the down strokes should be toward 
the center of the body. If your paper is properly placed and 
your position is right but your drills have a backward slant, 
it is because you are making the down strokes toward the right 
shoulder; if they have too much forward slant, you are making 
the down strokes toward the left shoulder. 


13. Exercise 3.—Write lightly and retrace each oval 
five times. Count 1, 2, 3, 4, 5. Do not stop the movement 
between the ovals; keep up a continuous motion with the 
pen raised from the paper, make one or two revolutions 
with the pen poised in the air, and begin the next oval with 
the pen at full speed. Observe the compactness of the line 
of ovals. 

Each oval should be about two-thirds as wide as high. Make 
ovals, not circles. 


14. Exercise 4.—Notice how the capital O is developed 
from the oval drill. Count 1, 2,3, 4,5, and finish. The ending 
stroke must turn upwards. If you allow it to drop downwards 
you are in danger of making the O too much like an A. 


15. Exercise 5.—Count 1, 2 for each letter. Write with 
a smooth continuous movement; do not pause or check the 
motion in getting from one letter to the next. The spaces 
between the letters should be as nearly equal as possible. Try 
to get as many letters on a line as there are in the copy. 

Make the capital O smaller than in the preceding drills— 
a little more than two-thirds of the height between the lines. 
About sixty O’s per minute is a good speed. 


16. Exercise -6.—The object of the drill of Exercise 6 
is to develop a sliding, left-to-right motion for use between let- 
ters. The elbow should act likea hinge. The movement must 
not be from the wrist. Count 1, 2, 1, 2, or right, left, right, left. 
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17. Exercise 7.—Observe that in Exercise 7 the up strokes 
are curved and the down strokes straight and that an angle 
is made at the top and a turn at the bottom. Observe whether 
your work has any faults such as curves or loops at the top, 
curves in the down strokes, or angles at the base. Write care- 
fully but vigorously and with the arm movement. Count 
Peanoytac 0, Ort, 8.9.40: 


18. Exercise 8.—Begin now to use the same freedom in 
writing letters as in writing the oval drills. The sooner you 
begin to make practical application of the arm movement to 
your writing the sooner you will begin to improve. 

Make the o with a circular motion and give a good curve 
to both the down and the up strokes. Close it at the top. 
Connecting strokes should be very slightly curved. If they 
curve too much your o’s will resemble a’s. Use a swinging 
motion between the letters. Write eighty o’s a minute. 


19. Do not forget the importance of study as well as prac- 
tice. Your mental picture of a letter must be correct, for the 
motions of your pen follow the lines of the letter as it is in your 
mind rather than as it is in the copy. 

After you have practiced the preceding eight copies, prepare 
your first lesson for criticism. Send several lines of each copy. 
One or two lines is not enough. 

Arrange the work in a neat, compact, and orderly manner. 
Lack of neatness is one of the principal causes of poor writing. 

After mailing Lesson 1, begin work on Lesson 2, but do 
not prepare your specimen of Lesson 2 for criticism until Les- 
son 1 has been returned with a percentage mark, unless, of 
course, you live at a very great distance from the Schools so 
that the corrected work will not reach you for some weeks. 
In that case you need not wait for the return of your work 
but may send the lessons when you feel that you have prac- 
ticed them thoroughly. 
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LESSON 2—EXERCISES 9 TO 16 


20. Exercise 9.—Get the correct position and practice 
a minute or two on the preliminary drill in Art. 6. Then prac- 
tice Exercise 9. This exercise is to serve as a review and should 
be practiced each day at the beginning of your practice period. 
Aim to grow skilful in making the ovals. Work for fine, 
clean-cut lines. 

Do not try to write the entire line without lifting the pen. 
Stop and shift either the elbow or the paper two or three times. 


21. Exercise 10.—In practicing Exercise 10, count 1, 2, 
8, 4, 5 on the retraced oval and 1, 2 on each capital C. Try 
both styles of C. In the first style, you may need to guard 
against too great a curve in the down stroke. In the second, 
you should try to get the loop at the beginning proportionately 
the correct size. Notice that it begins with a curve toward 
the left, not a straight down stroke. The body of the letter, 
you will observe, is exactly like the oval. Keep up a steady, 
even motion in writing the entire line. The pen should be 
going at full speed when you begin a letter and there should 
be no pause when it is lifted at the end. 

Space the writing so that you get the same number of ovals 
and letters on a line that there are in the copy. Do not leave 
a margin on the right-hand side of the page. Use a speed that 
will allow you to write easily and gracefully, and have care as 
to form. At least two lines a minute should be made. 


22. Exercise 11.—Count-1, 2, 3 for the capital E. The 
first count is for the dot at the beginning, the second for the 
loop, and the third for the finish. The beginning of this letter 
differs from that of the C in that there must be a pause as you 
place the pen on the paper. The upper part of the E should 
be only a little smaller than the lower. Both should be very 
rounding. The little loop in the middle should point down- 
wards. Finish with the pen still in motion. 

You will perhaps have to work hard on this capital. Com- 
pare your work with the copy and study it critically. Ask 
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yourself, Do I proportion the letter correctly? Does the central 
loop point downwards or upwards? Is my slant correct? Does 
my work lack gracefulness and freedom? 


23. Exercise 12.—Use a purely arm movement and write 
the A with a great deal of freedom but do not write it hastily. 
Study it closely. Note how much greater is the curve in the 
down stroke than in the up stroke. Aim to close every A at 
the top. ‘The finishing stroke is slightly curved and ends just 
below the base line. Do not make it too long. Guard against 
a loop where this stroke joins the up stroke. 

Count 1, 2,3 forthe A. Swing along at a good rate, making 
between fifty and sixty a minute. 

Make your capitals small enough so you can get as many 
on a line as there are in the copy. Small capitals will make 
your writing appear neater and the speed will be greater. 


24. Exercise 13.—If you have thoroughly mastered the 
form of the capital A, the small a will not. trouble you. Make 
each group of four without lifting the pen. The stroke that 
connects the preceding letter should be carried to the top of 
the a and retraced carefully with the down stroke. Avoid 
forming a loop where these two strokes join. Do not leave 
the a open at the top. Make the last down stroke ~+raight and 
see that it slants properly. 

Keep a good position. Write freely and at a moderate speed, 
making at least sixty letters a minute. Count 1, 2, 3, 4 on 
each group. 


25. Exercise 14.—Make the groups of e’s with a rolling 
motion but give considerably more curve to the up strokes 
than to the down strokes. Remember that down strokes must 
go toward the center of the body, not toward the right shoulder. 
Count 1, 2, 3, 4. The e’s can be written more rapidly than 
the a’s; 120 a minute is an easy speed for them. 


26. Exercise 15.—Review Exercise 7 as preparatory work 
for the 2’s, u’s, and w’s in Exercises 15 and 16. Remember 
that the important points inz are: a curved up stroke, a very 
sharp angle at the top, a straight, slanting down stroke, and a 


i? 


LESSON 2 


LAAA 


A. 


\ 
Ni 
\ 
\ 


18 


20 PENMANSHIP _ § 15 


round turn at the base. Place the dot carefully. Count 
1, 2, 3, 4, dot, dot, dot, dot. Write at the rate of from sixty- 
five to seventy-five a minute. 


27. Exercise 16.—Use close enough spacing between the 
parts of the u’so that each letter stands out distinctly. Every u 
should be sharp at the top, round at the bottom, have the up 
strokes curved, and the down strokes straight. 

Count 1, 2 on each letter. Write from sixty to seventy a 
minute. 

Notice the little retrace, called a shoulder, on the last part 
of the w. This is the feature that distinguishes w from u, and 
pains must be taken to make it show plainly. Do not sprawl 
this letter out; space closely between the parts so that it will 
- have a compact appearance. 

Count 1, 2, 3 for each letter and pause a little as you make 
the shoulder. Do not write hastily, but form each letter with 
care. Make fifty or more a minute. 


28. After you have practiced all the copies of Lesson 2, 
review the entire lesson thoughtfully, giving your work critical 
study for its weak points. Then prepare your copy for criti- 
cism. Endeavor to have each lesson you send show as much 
improvement as possible over the preceding one. 


LESSON 3—EXERCISES 17 TO 24 


29. Exercise 17.—Before beginning on Exercise 17, 
practice a short time on the large oval exercise in Lesson 1. 
Examine your position to see that it is correct. Do not let 
the hand fall over on its side. Keep the penholder pointing 
almost over the right shoulder. 

Use a vigorous push-and-pull movement in the straight-line 
part of Exercise 17, writing at a rate of about 200 down strokes 
aminute. The motion in this is exactly the same as that 
described in Art. 6. 

The ?’s are made with the same motion, but make curves 
at the bottom and space between the strokes. Observe that 
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the ¢ should be retraced about half its length. Do not leave 
it open too far, or loop it, or make the last stroke sharp at the 
base. Cross each ¢ neatly and carefully. Do not place the 
cross-stroke above or at the side of the letter. 

The correct height for ¢, d, and the upper part of p is about 
half the space between the lines, or about twice the height of 
the letter 7. 

Fifty to sixty letters a minute is a high enough speed for the 
groups of ?’s. 


30. Exercise 18.—Write freely but strive for uniformity. 
The d differs from a only in the up stroke being carried two 
spaces above the line to form the stem. Retrace this stem 
carefully to the point where it meets the a part. This is one 
of the difficult letters. Put plenty of work on it. 

The groups should be written with care and at the rate of 
about twelve groups a minute. 


31. Exercise 19.—The beginning stroke of » must curve. 
The down stroke must be perfectly. straight and should end 
firmly, and there should be a slight pause before the pen is 
lifted to complete the letter. This down stroke must be rather 
short. Notice that the last part of p is exactly like the last 
part of n and that it contains no angles. A common fault is to 
get this part of the letter sharp at the top. 

Aim for about thirteen or fourteen groups a minute. 


32. Exercise 20.—Write several lines of each word, then 
several pages of the entire line. Stop often to look over what 
you have done and criticize it as severely as you know how. 
The most important thing in learning to make correct letter 
forms is to have exactly the correct forms in your mind. If your 
mental picture of a letter is correct you will naturally strive 
for the right form whether you are conscious of it or not. 

The entire line can be written three times in a minute. 
Your speed on this or any of the other copies may be a little 
greater or a little less than that designated. If you find that 
you can write a little more rapidly and still give care and 
thought to the forms, you may do so. Good writers will be 
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able to work up a higher speed, though we would not advise 
a great deal of deviation either way, and we warn you par- 
ticularly against writing so very slowly in your effort for perfect 
forms that you cramp your movement and make tremulous 
lines. The quality of the lines is as worthy of your attention 
as the shape of the letters. Writing may be good in form but 
lacking in freedom; it then shows weak, tremulous lines. Or, 
it may be good in freedom but poor in form; it is then illegible 
or unpleasing in appearance. Make it your aim to advance in 
both freedom and form. You can if you work in the right way. 


33. Exercise 21.—Your practice up to this time should 
have given you good control of your movement for making 
the tapering oval. Try for uniformity in taper while writing 
as freely and rapidly as in previous drills. 


34. Exercise 22.—Make the hook and little dot at the top 
of the ¢ distinct enough that you do not get the letter like 7. 
Retrace the strokes carefully at the top. Do not make a loop. 

Write about eighty c’s a minute. 


35. Exercise 23.—Observe the 7 carefully. Note the 
curve in the first stroke and the little retrace at the top, followed 
by the very small down stroke, or shoulder, that differentiates r 
from z. Since this is the distinguishing feature of this letter, 
you must take pains with it. Make the shoulder as plain as 
you can but do not make two angles. 

Make the up stroke of s a decided curve and you will find it 
easier to get the angle at the top. The down stroke must be 
very fully curved and the letter closed carefully at the base. 
Avoid forming a loop where you close it. Make the four s’s 
without lifting the pen. 

Both r and s are just a trifle higher than the other small 
letters. 

Write the 7’s at a rate of seventy or seventy-five and the s’s 
at about eighty-five letters a minute. 


36.° Exercise 24.—The writing of words is the practical 
test of how well you have mastered the various letters. Write 
with due care as to the forms, but freely and rapidly. 
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37. After reviewing the entire lesson you should be ready 
to prepare Lesson 3 for criticism. 

It is a good plan to go back and review the preceding lessons 
occasionally, and also to read over frequently the general 
directions at the beginning of the Section. You cannot be 
too particular to have your method of practice right. Your 
improvement depends as much on how you practice as on how 
much you practice. 


LESSON 4—EXERCISES 25 TO 32 


38. Exercise 25.—In Lesson 4 are presented letters that 
are formed by the use of the reverse, or indirect, motion. The 
indirect oval drill of Exercise 25 must, therefore, be practiced. 
The directions of the arrows and ending strokes show the differ- 
ence between this exercise and Exercise 2. Do not make it like 
Exercise 2. It will perhaps be a little harder for you than the 
direct oval. Work hard on it. Count as in Exercise 2 and 
write at the same speed. 


39. Exercise 26.—The oval of Exercise 26 is also written 
with the reverse movement. Count 1, 2, 3, 4, 5 on each oval 
and make the ovals close together. Watch your position. The 
freedom of your movement depends on having it correct. 


40. Exercise 27.—Write with a smooth, flowing motion. 
Be sure to get curves at the top and angles at the bottom. 
Retrace the strokes where the parts join. Taper with uni- 
formity. 

41. Exercise 28.—The m and n must be well rounded at 
the top. The angles where the parts join must be sharp and 
distinct and the strokes retraced a little. Do not make 
n like u. Avoid getting the last stroke of m and n sharp at 
the base. Fifty letters a minute for the m’s and sixty-five for 
the n’s is a good speed. 


42. Exercise 29.—Make x exactly like the last part of n 
and cross it with an up stroke beginning at the base line. 
The letter will be easy for you if you follow this rule. Write 
about sixty x’s a minute. 
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The first part of v is also like the second part of n. The 
shoulder on the last part is like the one on w. Guard against 
making the first part of v sharp or letting the shoulder fall too 
low. These faults make it look like u. Do not slant the second 
up stroke too much; this will make the letter too wide. Write 
from sixty-five to seventy v’s a minute. 


43. Exercise 30.—Get the capital D well in mind before 
writing it. Note the curve in the down stroke, the size of the 
loop at the base, the double curve along the bottom of the 
letter, and the little loop at the top. Use a purely arm move- 
ment in all capitals. You cannot get graceful lines if you use 
any finger action. 

Count 1, 2, 3 for each D and write at a speed of from fifty 
to sixty a minute. 


44. Exercise 31.—The down stroke and the loop at the 
base of the L are much the same asinD. Be careful that you 
do not make the beginning and ending strokes long and awk- 
ward. Do not pause between the letters but begin and end 
each one with the pen in motion. 

Count 1, 2, 3, and write at about the same speed as for D. 


45. Exercise 32.—Give the words in Exercise 32 thorough 
practice and criticize the various letters on the points that have 
been drawn to your notice as these letters were presented 
singly. Put special work on words containing letters that are 
particularly hard for you. Notice whether you are producing 
firm, smooth lines and whether the writing as a whole is uniform 
and pleasing in appearance. 


46. Send several pages of your very best work on Lesson 4. 
Make it as much better than Lesson 3 as you can. 
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LESSON 5—EXERCISES 33 TO 40 


47. Exercise 33.—The capital stem of Exercise 33 is used 
for all of the capital letters of Lesson 5, and in order to make 
these capitals easily the stem must be carefully studied and 
thoroughly mastered. Observe the size and slant of the little 
loop at the top and the slant of the down stroke. Do not 
give the down stroke more curve than it has in the copy and do 
not let the lower part of it reach too far to the left. End it 
firmly rather than with the pen in motion. 

Count 1, 2, 3, 4, 5 on the tracing exercise and 1, 2 on the 
capital stem. The reverse movement is required for both. 


48. Exercise 34.—Notice that each part of the capital M@ 
is lower than the preceding part. Notice how far the strokes 
retrace where the parts join. The spacing between the strokes 
must be close enough to give the entire letter a compact and 
weil-proportioned appearance. ‘The last stroke must have the 
same slant as the preceding down strokes and end just below 
the line. 

Uniform spacing between letters is necessary to neat work. 

‘Count 1, 2, 3, 4, and write at the rate of thirty-five to forty 
letters a minute. 


49. Exercise 35.—The separated capital as in Metric and 
Maximum allows greater freedom and requires less perfect 
control than the joined capital as in Mandolin and Madonna. 
The latter is, however, made more rapidly and has a smoother 
appearance. 

Write, criticize, and rewrite. Give due attention to your 
position and movement. 


50. Exercise 36.—Keep the down strokes parallel. 
Watch the loop in the beginning stroke. Do not make it too 
large or incorrect in slant. Retrace the strokes where the 
parts of the letter join. 

Count 1, 2, 3 for each letter, and write at the rate of from 
forty-five to fifty a minute. 
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51. Exercise 37.—The letters in the words of Exercise 37 
should be as skilfully executed as in the groups of single letters. 
They give you work of a more practical nature. Endeavor not 
only to make good, legible forms and to write with an arm 
movement but give thought to the size of the writing, and to 
the spacing between letters, parts of letters, and words. Write 
a page, then criticize it as to general appearance. 


52. Exercise 38.—Make a round turn at the base of the U 
and make the angle very sharp where the last stroke joins. 
These are the features that distinguish U from N and on which 
the legibility of the letter depends. 

Count 1, 2, 3 and write at a speed of forty-five to fifty letters 
a minute. 


53. Exercise 39.—Practice Exercise 39 in the same way 
as Exercises 35 and 37, stopping often to study and criticize. 
Write pages of every copy. 


54. Exercise 40.—A common fault in making V is to slant 
the up stroke too much. Keep it parallel with the down stroke 
and curve the end gracefully. The first part should be a 
little higher than the second. Avoid an angle at the base of 
the letter. 

Count 1, 2 and write at the rate of nearly sixty letters a 
minute. 


LESSON 6—EXERCISES 41 TO 48 
55. Exercise 41.—In practicing Exercise 41, think about 
the points that have been drawn to your notice in the various 
letters. Be sure to think good forms and you will write good 
forms. Write with care always. 


56. Exercise 42.—Begin W like M or N. Pause at the 
bottom of the first stroke and make a decided angle. Curve 
the next stroke enough to make just the right space between 
the strokes. It is necessary to guard against either too much 
or too little space. This second stroke is higher than the first; 
the third stroke is almost straight; and the last one is curved 
and shorter than any preceding it. The W is a difficult letter 
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to make well. Work faithfully on it. A common fault is to 
curve the first stroke too much and let the lower part of it reach 
too far to the left. - 

Count 1, 2, 3, 4, pausing after the first count, and write 
from forty to forty-five a minute. 


57. Exercise 43.—Do not make the spaces between the 
words too great. Try to see how neat and compact you can 
make your page. 


58. Exercise 44.—Try both styles of X. The second 
permits of joining to the following letter. Aim to have the 
parts just touch without crossing. 

Count 1, 2 on the X and make from forty to forty-five a 
minute. 


59. Exercise 45.—Y begins like U but ends with a loop 
below the line. The Y will be easy if you have mastered the 
preceding letters with the capital stem. The loop should 
extend only one-half the space between two lines. 

Count 1, 2, 3 and write at a speed of at least forty a minute. 


60. Exercise 46.—Note the double curve used in joining 
Y toe and Y to u. 

Do not lift the pen before a when it occurs in the middle of 
a word. 

Spend a short time daily in reviewing the oval exercises. 
You cannot grow too skilful in making them. 


61. Exercise 47.—Observe that a small loop, not an angle, 
is used where the upper and lower parts of Z join. A short 
curved stroke in a horizontal direction connects the lower 
loop. Do not make this horizontal curve too long or extend 
it upwards too far, as in either case the letter will have a clumsy, 
humpbacked appearance. The loop below the line is curved 
on both the up and the down strokes. In this it is unlike the 
loop inY, which has a straight down stroke. 

Count 1, 2, 8 and write at the same rate of speed as for Y. 

The beginning of the small z is exactly like the first part of n. 
It is finished much like the capital but with a slight retrace 
instead of a loop where the upper and lower pats are joined. 
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62. Exercise 48.—Space the letters of Exercise 48 evenly 
and make them equal in height and uniform in slant. It is 
not easy to write this line of capitals and have it present a 
pleasing appearance. 

Remember that arm movement is absolutely necessary in 
the capitals. 

Review Exercises 41 to 48 and prepare Lesson 6 for 
criticism. 


LESSON 7—EXERCISES 49 TO 56 


63. Exercise 49.—You have had the drill of Exercise 49 
before, but you need to review it as preparatory work for the 
loop letters. You should do well on it this time. See that 
your position is correct. If you are not sure review the direc- 
tions and look at the illustrations. 


64. Exercise 50.—Use the direct motion for making the 
ovals. Count 1, 2, 3, 4, 5 for both the straight-line and the 
oval drill. Glide smoothly from one to another without a 
pause. 


65. Exercise 51.—Note how curved is the up stroke of | 
and how straight is the down stroke. Pause a little at the bot- 
tom so that the turn at the base of the letter is quite decided 
but is neither too angular nor too rounding. The strokes 
should cross at the height of the letter 7 above the line. The 
upper loops should be the same height as capitals. Do not 
make them too high. 

Count 1, 2, 3, 4 on the groups of /’s, and write at least eighty 
letters a minute, 


66. Exercise 52.—If your loops slant badly examine them 
to see whether you are getting the curves in the right places. 
When the up strokes are straight instead of the down strokes 
it causes too much slant. 


67. Exercise 53.—The little retrace, or shoulder, at the 
end of the b is important. Make it show distinctly and do not 
push it over toward the loop so far as to close the lower part 
of the letter, thus making it look like a badly proportioned f 
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resting on the line. A slight finger action is sometimes neces- 
sary in the loop letters. 
Count 1, 2 for each 6 and write fifteen groups a minute. 


68. Exercise 54.—Strive to get the b’s and I’s equal in 
height. Write freely and gracefully. Aim to have all down 
strokes parallel. 


69. Exercise 55.—The h begins like 1 and ends like n. 
Note the angle where the parts join. Be careful to make the 
second part round at the top and to give the last down stroke 
the correct slant. This letter turned upside down should be 
exactly like y. 

Count 1, 2 to each letter and write fifteen groups a minute. 


70. Exercise 56.—Follow the advice given in the copy. 
Observation and care must be combined with persistent prac- 
tice to make you a good penman. 

Put several hours on this lesson before you prepare it for 
examination. 


LESSON 8—EXERCISES 57 TO 64 


71. Exercise 57.—Write these words at a speed of at 
least fifteen a minute. If you do not quite fill a line by writing 
the copy once, repeat the first word or two. A wide margin 
on the right-hand side is unsightly. The spaces between the 
words should be only twice as great as between letters. 


72. Exercise 58.—The point of difference between k andh 
is the little knob at the top of the second part of k, which makes 
this part of the letter much like a very small capital R. Keep 
the last down stroke parallel with the preceding down strokes. 

Count 1, 2 to each k and write at least forty-five a minute. 


73. Exercise 59.—If you find certain letters are especially 
hard for you, those letters and the words containing them 
should have special attention. To see your own fault is the 
first step toward correcting it. A mistake may be pointed out 
to you many times, but until you yourself are able to see 
the difference between the right and the wrong form you will 
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succeed in getting the right one only by some lucky chance. The 
eye needs training as well as the hand. 


74. Exercise 60.—Begin g like a and finish with a loop 
under the line. This loop must not reach more than half the 
space between two lines. The down stroke is perfectly straight 
except for the curve at the very bottom. The up stroke has 
a good full curve and the strokes cross at the base line. 

Make the g’s at about the same speed as the k’s. 


75. Exercise 61.—Do your g’s slant too much? Perhaps 
you are curving the down strokes. Look over your writing to 
see whether you are closing all the g’s and a’s at the top. Do 
not patch the letters or lift the pen where one of these letters 
is connected with a preceding letter. 


76. Exercise 62.—The upper part of 7 is like z, the lower 
part like g. Note the double curve that joins the letters in 
the groups. 

Count 1, 2, 3, 4, dot, dot, dot, dot, and write from forty-five 
to fifty letters a minute. 


_ @%. Exercise 63.—Dot 7 and 7 with precision. Do not 
‘make the dot like a dash. Watch the b and k. The style of t 
in junket should always be used at the end of a word. It does 
not require crossing. 


78. Exercise 64.—Heed the advice in the copy. Your 
daily practice until you have entirely completed the penman- 
ship lessons should begin with a drill on the movement exercises. 

Send us your very best work on Lesson 8. 


LESSON 9—EXERCISES 65 TO 72 

79. Exercise 65.—The right position ought to be easy 
and natural for you by this time. You need to think about it 
occasionally, however. Begin z like n, then make a slight 
retrace and a good full curve to form the down stroke of the 
loop. This is the only loop letter that is curved on both the 
down and the up strokes. 

Count 1, 2 on each letter and make at least fifty a minute. 
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80. Exercise 66.—Don’t get discouraged if the lessons 
seem hard and your improvement comes slowly. Practice 
faithfully, following the instructions intelligently, and you will 
surely succeed; but remember that working in the right way 
or working in the wrong way makes all the difference between 
success and failure. 


81. Exercise 67.—The y is a combination of the last part 
of ~ with 7. Faults to be avoided are making the first part 
sharp either at the top or the bottom and making a curve 
instead of an angle where the parts join. 

Count 1, 2 to each letter and make sixty or more a minute. 


82. Exercise 68.—Look over your y’s to see whether you 
are getting the first part round or sharp. Note whether they 
slant correctly and whether the down stroke of the loop is 
straight or curved. 

Notice whether you are closing the a part of d and whether 
you are retracing the stem neatly. It is not incorrect to loop 
the stem of d and it is better to do so than to make it clumsy 
by reason of a failure to retrace the strokes, or to cramp the 
movement in the attempt to retrace them. 

Examine your k as to the spacing between the first and sec- 
ond parts and the slant of the last down stroke. 


83. Exercise 69.—The point that differentiates g from g 
is the manner of making the loop. Turn to the right at the 
bottom, instead of to the left as in g, then curve the up stroke, 
ending it at the base line and making it meet the down stroke 
at an angle. 

Count 1, 2, and write at a rate of fifty letters a minute. 


84. Exercise 70.—Give the down strokes in all loops the 
same slant. The g is usually made just a trifle shorter than 
the other loops. 

85. Exercise 71.—The upper part of f is like 1. The 
lower part is like a small o made double its usual length. Do 
not curve the.down stroke except a very little at the top and 
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86. Exercise 72.—Try to make a fine page of Exercise 72. 
It ought to just fill a line nicely, but if you are using a smaller 
style than that in the copies you may begin the following sen- 
tence where the first one ends, thus making the sentence end 
at a different point each time. The entire page should have a 
compact appearance. 


LESSON 10—EXERCISES 73 TO 80 


87. Exercise 73.—Do not fail to observe that the up 
stroke of the lower loop of f should meet the down stroke at 
the base line, not above the line, and that the strokes should 
just meet, not cross. Many awkward looking /’s are due simply 
to these two faults. 

Compare the size of your upper and lower loops. They 
should not be equal. Long under loops will conflict with the 
loops and capitals on the following line and detract a great deal 
from the neatness of your page. 


88. Exercise 74.—The first style of J ends with the pen 
at a complete standstill. The second requires only a slight 
pause to make the point at the left and ends with the pen still 
in motion. This form has the advantage of being easily joined 
to a following letter. Try both and adopt the one that seems 
to be best suited to you. 


89. Exercise 75.—A common fault in making the cap- 
ital I is to give it too little slant. This can be avoided by care 
in regard to the first stroke, which should not curve to the left 
too much but go directly upwards. 


90. Exercise 76.—Make the first stroke in J like the first 
stroke in J. Never begin the capital with a horizontal curve 
at the base line. Notice that the down stroke is almost straight. 
The common mistake of curving it throws the slant out. It is 
not a hard letter, but many persons have trouble with it simply 
because of curving the down stroke. Notice that the first 
and last up strokes cross at the base line and that the lower 
part of the letter is considerably smaller than the upper. 
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91. Exercise 77.—Aim for enough freedom and control 
of your movement to enable you to join the capital J as in 
James and John. The easier way, if you are at all lacking in 
freedom, is to separate it, for the new impetus taken after lift- 
ing the pen permits of more force to the movement. . 

Be sure to make the down stroke in p parallel with the down 
stroke in J. 


92. Exercise 78.—Try to get a graceful curve in the sec- 
ond part of the H and make this part of the letter a little higher 
than the first. Observe particularly that the strokes connect- 
ing the first and second parts form a triangle and that there 
is no loop. The spacing in this letter must not be too wide. 


93. Exercise 79.—Study your a’s, o’s, v’s, w’s, and 1’s. 
Look for your weak points. 


94. Exercise 80.—An entire page of Exercise 80 should 
be written in about 12 minutes. 

Do not neglect -your daily practice on the movement 
exercises. 


LESSON 11—EXERCISES 81 TO 88 


95. Exercise 81.—Observe that the beginning of the sec- 
ond part of K is a left and not a direct downward stroke. Keep 
this in mind and you will find it easier to get the curves correct. 
Note the size and position of the small loop. It is a little above 
the middle of, and at right angles with, the down stroke. 

Make the same number of K’s to a line as there are in the 
copy and be sure to space them evenly. 


96. Exercise 82.—Are you sure that you are using the 
arm movement? Look to see whether your thumb joint moves. 
If it does you are introducing some finger action. Clean, sharp, 
smooth, and graceful lines require good pens, ink, and paper, 
and a light touch and a free-arm movement. 


97. Exercise 83.—The capital Q resembles a very large 
figure 2. See how freely and gracefully you can write it. 
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98. Exercise 84.—Examine the turns at the bases of the 
letters to see whether you are making them round enough. 
One of the things most necessary to legibility is to get curves 
and angles in the correct places. 


99. Exercise 85.—A common fault in making S is to 
give the first stroke so little curve that the letter has entirely 
too much slant. Compare yours with the other capitals to 
see whether your slant is right. 

Count 1, 2,3, and make at least fifty letters a minute. You 
can write sixty or more if your movement is steady. The 
varying speeds, if the movement is right, result not so much 
from the actual speed of the pen while on the paper as from the 
habit on the part of many persons to stop and take aim or go 
through more or less preliminary motion before touching the 
pen to the paper. 


100. Exercise 86.—Watch the m’s and n’s in Exercise 86. . 
Make curves, angles, and retraced strokes in the proper places. 
Observe and criticize your work constantly and practice always 
for improvement in some particular point. 


101. Exercise 87.—Do not make the beginning stroke 
in G any longer than the one in the copy. If you see that you 
have a tendency to get it too long try making it a little shorter. 
Care as to beginning and ending strokes has much to do with 
the general neatness of the writing. 

Practice both styles of G and adopt the one you like better. 


102. Exercise 88.—Do not let yourself become careless 
about how you practice. Have you the correct position of the 
body? Is your paper properly placed? Are you holding the 
pen correctly or do you let the hand fall over on its side? Do 
you succeed in producing smooth, graceful lines? The quality 
of the lines tells whether you are using arm movement and 
whether your speed is as high as it should be. If you are not 
getting good lines you need more work on the movement 
exercises. 
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LESSON 12—EXERCISES: 89 TO 96 


1038. Exercise 89.—The words of Exercise 89 should prove 
to be easy to write smoothly and gracefully. Make sure that 
every letter is legible and do not forget that legibility means 
that a letter be so well made that it can be read without 
the aid of the context and that it is in itself perfectly plain 
and could not be mistaken for any other letter if it were 
standing alone. 


104. Exercise 90.—Practice the indirect oval drill as 
preparation for the T and other capitals in this lesson. Study 
the curves in the stem of 7. Begin with a curve toward the 
left and end the stroke with a dot. Keep the curve at the base 
of the stroke wide enough to be graceful. The top should be 
a compound curve and it should not be allowed to touch the 
stem. 

Count 1, 2, and write at a speed of from thirty-five to forty 
letters a minute. 


105. Exercise 91.—If you find it easier to end T like S 
and join it to the following letter it is not wrong for you to do so. 
Capitals should be neat and plain in form and have good style. 
Beyond that the forms that are chosen may be those best 
suited to an individual. Whenever more than one style of 
capital is given it is that you may have the advantage of choos- 
ing the one which seems best adapted to your hand. 


106. Exercise 92.—Observe the loop in d in the word 
Good. ‘This style allows greater freedom than the standard d 
and is often found to be easier, especially at the end of a word. 
Study the o, s, a, r—any letter, in fact, that is unusually hard 
for you. The ’s and w’s are not difficult letters, but you must 
not make them alike. 


107. Exercise 93.—The capital F is exactly like T except 
for the horizontal stroke and dot. Write this to a count of 
1, 2, 3, and aim for nearly thirty a minute. 
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108. Exercise 94.—Take care in writing the combina- 
tion ye to have the up and the down stroke of the loop cross at 
the base line. It is necessary to use a compound curve in 
connecting the two letters. The combination gt in Farmington 
is also somewhat difficult. Aim to become able to write it 
well and at the same time freely. 


109. Exercise 95.—The P begins with a stroke like the 
stem of T or F but continues in the direction of the oval and 
ends with a down stroke, clasping the first half of the beginning 
stroke. This is a much easier capital than the two that have 
just preceded, both because of its simpler form and because it 
can begin and end with the pen in motion. Write the entire 
line of P’s with an even, rhythmic motion, counting 1, 2, 3 
at the rate of fifty-five or sixty a minute. Get the hand 
to moving rhythmically and you will find that your writing 
will be more uniform in slant and spacing. Often when the 
slant is bad it is because of the introduction of a little finger 
action. 


110. Exercise 96.—The ending d as in and and hand may 
finish below the line. This permits of more freedom, as it is 
easier than the upward ending stroke. 

Try to prepare some exceptionally fine pages of Lesson 12. 


LESSON 13—EXERCISES 97 TO 104 


111. Keep up the practice on the indirect oval daily 
throughout Lesson 18. 


112. Exercise 97.—Watch your a’s and c’s with special 
care in practicing Exercise 97. Close the a and make a distinct 
hook on the c. Do not lift the pen immediately before either 
of these letters. Sometimes they are found to be hard to con- 
nect, but the continued exercise of care soon makes it a habit 
to connect them.” 


118. Exercise 98.—The B is to be made without lifting 
the pen, the up stroke retracing the beginning stroke. Keep 
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the oval parts of the letter rounding and about equal in size. 
Use either ending you prefer. Count 1, 2, 3 and write at a 
speed of from forty-five to fifty letters a minute. 


114. Exercise 99.—Make the shoulder on the w very 
plain. This is a letter that many persons do not make legibly. 

The m’s and n’s occur frequently. Do not make the too 
common mistake of getting them sharp at the top. 


115. Exercise 100.—Write freely and forcefully. Make 
several pages of the sentence in Exercise 100. Criticize your 
work in regard to appearance, strength of line, uniformity, and 
letter formation. Be a severe critic of your own work and you 
will find that your instructor will criticize you less severely. 


116. Exercise 101.—You will like the R in Exercise 101. 
It is an easy ietter. It begins much like B and ends like K. 
Write the K’s to a countof 1, 2, 3, and make about fifty a 
minute. Space evenly between the letters. 


117. Exercise 102.—Practice Exercise 102 with care and 
attention to details, and let us say at this point that to make 
good progress in penmanship you must write carefully always, 
not simply when you are practicing on these lessons. An 
hour’s careful work on the penmanship lessons will in a large 
measure be lost if you do several hours of careless writing on 
something else. You cannot afford to be in so great a hurry 
that you do not do your best at. all times. 


118. Exercise 103.—We hope that you do not need the 
gentle reminder contained in the copy of Exercise 103, but it 
will be well to make sure that you do not. Correct position 
is important in more ways than in making you a better writer. 
It has to do with your health, and you cannot afford to neglect 
it for that reason if for no other. 


119. Exercise 104.—The stub g used in preceding is 
legible and can be easily and rapidly made. End it with a 
firm stroke, not with the pen in motion. Make it the same 
length as the lower part of p. 

Look over your s’s to see whether you curve the up strokes 
enough. Avoid lifting the pen immediately after s. 
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LESSON 14—EXERCISES 105 TO 109 


120. Exercise 105.—Space the capitals evenly and try to 
get them equal in height and uniform in slant. Place periods 
after the initials. Note the style of capital F used in the 
second name. 


121. Exercise 106.—A signature has no context. It 
must be legible in itself, but often signatures are almost or 
quite unreadable either because of the carelessness of the 
writer, who apparently forgets that every one is not so familiar 
with his name as he is himself, or because of an evident desire 
for something fanciful in the way of a combination of the capi- 
tals. Individuality in handwriting is all right provided it does 
not interfere with legibility. It is often possible to combine 
capitals artistically and still have them perfectly plain. To 
this there can be no valid objection if it makes the name easier 
to write or more pleasing in appearance. Yet we want you to 
note the beauty and simplicity of the names used in the copy. 
You can hardly do better than to follow this example and use 
a style of equal simplicity in writing your own name. 


122. Exercise 107.—Follow the advice in the copy of Exer- 
cise 107, practice much, criticize closely, and you will steadily 
improve. 


123. Exercise 108.—Make figures with a quick, precise 
motion. A little finger action is permissible. Every figure 
must be perfectly plain, for the context never helps in reading. 

Figure 1 is a straight, slanting line; figures 2 and 3 are alike 
in their beginning strokes; 4, 5, and 6 each begin with a straight 
line; 3 and 4 end alike, and 7 and 9 end alike. The horizontal 
stroke of the & should be made to touch the beginning stroke; 
4 must not cross the line; 7 and 9 must cross it; 7 begins with a 
short down stroke; the first part of 9 is exactly like the body 
of a; 6 is higher than the other figures. The strongly curved 
stroke of the 8 is its beginning stroke; do not make this figure 
backwards. The 0 must be closed at the top; it is like the main 
part of the letter o. 
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Write several pages of figures, keeping them in vertical col- 
umns. Do not let them run diagonally across the page, as 
you perhaps will find there is a natural tendency to do. To 
keep the columns vertical you must begin each figure a little to 
the right of the bottom of the one above it. For easy adding, 
columns must be vertical. Therefore, practice making them so. 
If you find it hard, turn the paper and make them between the 
lines, placing two figures between each two lines. Small figures 
are the best and most practical for use in bookkeeping work. 


124. Exercise 109.—The kind of writing shown in Exer- 
cise 109 will test your real skill. A page of solid writing executed 
freely and rapidly, yet so as to have a fine appearance by 
reason of being uniform in size, slant, spacing, and touch, 
and the letters made with reasonable correctness so that perfect 
legibility is insured, may be called good business penmanship. 
Do your best on this. 


LESSON 15—EXERCISES 110 AND 111 


125. Exercise 110.—Exercise 110 is a business paper 
called a receipt, which is an acknowledgment of the pay- 
ment of value and may be either a written or printed form. 
The form may vary according to the kind of value received 
and the reason it is given. Thus, one may be given to apply 
on account, in full of all demands, for rent, to apply on a note, 
for a note, to executor for payment of a bequest, for instruction, 
and for many other things. A receipt should state plainly 
and fully for what the payment was made. A receipt is not 
certain proof of payment; it may be invalid because of mistake 
or fraud and is open to explanation or contradiction. 

Note the position that each part of this business form occupies, 
and study the capitalization and punctuation closely. Do not 
make the capitals too large, but be sure to make them with a 
quick, dashy movement so as to get smooth, clean-cut lines. 

As you write this copy, notice the arrangement and general 
appearance of your work. Study to find your errors and then 
do your best to eliminate them. A constant striving for 
betterment will do much to improve your writing. You may 
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receive ever so much instruction, but the real writing must 
be your own work produced by your own efforts. Some of the 
finest writers have had the most difficulties to overcome. The 
policy of indomitable pluck has carried many persons to success, 
and in these days of business competition it pays to write well. 
Do not allow yourself to become careless because of the poor 
writing of some famous men, or to consider that you are like 
them because you write in like manner. 


126. Exercise 111.—The copy of Exercise 111 is a 
promissory note, which is a written promise to pay a certain 
sum of money at a specified time, or on demand, to a person 
therein named, or to his order or assigns, or to the bearer. 
A note may pass from one man to another by indorsement, 
and in effect be the same as a bank note. It differs from a 
bank note only in that it is transferred by indorsement and 
matures at a stated subsequent time, and that the indorsers 
are liable to the holder in case the maker refuses payment. 
The person who signs the note is the maker, and the person 
to whom it is made payable is called the payee. The person 
who writes his name across the back of the note is an zndorser. 
A note is negotiable, that is, transferable from one person to 
another by indorsement, when it reads “pay to the bearer” 
or “‘pay to the order of.” 

Write these business forms many times. Aim for constant 
improvement and submit your best work for criticism and 
additional instructions. 


LESSON 16—EXERCISES 112 AND 1138 


127. Exercise 112.—At an adjustment of claims between 
parties, a due bill may be issued; that is a written acknowledg- 
ment of debt and may be payable in merchandise or money. 
It may be made payable on demand or at a future date, and by 
the insertion of the words or order it becomes negotiable the 
same as a promissory note. 

Keep reviewing past lessons, always working for a light 
touch and good control of the pen. Business writing must be 
done quickly and should be dashy and clean-cut in appearance. 
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The only way to learn to write well is through earnest and 
well-directed practice. There is no royal road. We want your 
best work on this copy. 


128. Exercise 113.—A draft is an order directing a 
second person to pay to a third person, or to any one he may 
designate, a certain sum of money. 

The original parties to a draft are three: the drawer, who 
signs the draft; the drawee, to whom it is addressed and who has 
to pay it; and the payee, to whom it is made payable. 

In the draft used in the copy of Exercise 113, Young is the 
drawer, Wilson the drawee, and Underwood & Co. the payee. 
This draft is drawn ‘‘at thirty days’ sight” and is called-a time 
draft. If worded “at sight” it would be a sight draft and pay- 
able immediately on presentation. The time on a draft which 
reads “At days’ sight”’ does not begin to run until the 
draft has been accepted, which means that the drawee writes 
across the face, ‘‘Accepted,’”’ the date, and his signature. If 
it reads “Thirty days from date” the time would run from the 
date of the draft, not from the date of acceptance. Some 
states allow days of grace on sight drafts, which makes them 
require acceptance and they become due three days after presen- 
tation. The draft used as the copy is of no value until it has 
been presented to Wilson and he writes his acceptance across 
its face. If he chooses to refuse.to accept it, he may do so. 
If acceptance is refused the draft is said to be dishonored. 


LESSON 17—EXERCISES 114 AND 115 


129. Exercise 114.—A check is an order drawn on a 
bank or banker for the absolute payment of a certain sum of 
money to a certain person, or to his order, or to bearer, and is 
payable on demand. 

A check is a kind of draft and has the same three parties, 
the drawer, who signs it; the drawee, who is always a bank or 
banker; and the payee, to whom it is made payable. Of course 
im actual business most papers like notes, checks, receipts, etc. 
are made out on printed blanks. It is well, however, to know 
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how these papers should read so that if you were required to 
draw one up on blank paper, you could do it correctly and 
without hesitation. It is said that the largest check ever drawn 
by Jay Gould was written in pencil on the back of an old 
envelope. Such copies as these are, therefore, valuable not only 
as penmanship lessons but also as samples of business forms. 


130. Exercise 115.—Exercise. 115 consists of indorse- 
ments. An indorsement is the memorandum made on the 
‘back of a note, check, or draft, usually for the purpose of 
transferring it from one person to another. The one who 
indorses a paper is called the zudorser, and the one to whom 
it is transferred is the indorsee. There are various kinds of 
indorsements. The most common are: é 

1. In blank. An indorsement in blank is simply the name 
of the payee (or indorsee) in his own handwriting. This makes 
the paper payable to any person into whose hands it may fall. 

The indorsemerit should be written on the left-hand end of 
the paper and if the first one is in blank it should be about 
1 inch from the end. The new holder may now, if he wishes, 
_for the sake of his own safety in case he loses the paper, change 
it to a full indorsement, which is not transferable without being 
again indorsed. 

The first signature, “Warren E.. Smith,” is a blank indorse- 
ment. 

2. In full. An indorsement in full mentions the name of 
the person to whom or to whose order it should be paid. This 
requires the indorsement of the indorsee before it is again 
transferable. It is a good form to use when sending negotiable 
paper through the mail. 

The form ‘‘Pay to the order of C. L. Isaacs,” is a full indorse- 
ment. 

3. Wuthout recourse. By adding the words ‘without 
recourse” the holder simply assigns the paper, relieving himself 
of responsibility for its payment. There are, however, certain 
things that every indorser warrants, and by the very act of 
transferring the instrument he engages that it is what it pur- 
ports to be, the valid obligation of those whose names are 
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upon it, while specially declining to assume any responsibility 
as a party to the instrument. 

4. Restrictive. A restrictive indorsement limits the negoti- 
ability of the paper. -“‘Pay to C. L. Isaacs’? makes the paper 
payable to C. L. Isaacs only. ‘For deposit only” is also a 
restrictive indorsement. 


LESSON 18—EXERCISES 116 AND 117 


131. Exercise 116.—A nicely written letter is appreciated 
evenin the rush of business. Often a good-paying and responsi- 
ble position is secured through the applicant’s ability to write 
a good letter. There are employers who judge of a young 
man’s ability from his letter of application, in preference to 
a personal interview. A great many marks of character are 
expressed in a letter—neatness, arrangement, penmanship, 
expression of thought, and attention to details, all of which 
go to make up a model business letter. It is worthy of mention 
that some of the best clerical positions in the world are for 
work requiring the best penmanship. ~ 

There are certain matters in connection with all letters that 
are of importance. ‘These are form, arrangement, and punc- 
tuation. A letter may be said to consist of seven principal 
parts, namely: (1) the heading, including the date; (2) the 
address; (3) the salutation; (4) the body; (5) the complimen- 
tary close; (6) the s¢gnature; and (7) the superscription. 

The heading occupies the top line and consists of the address 
of the writer and the date. When paper of the commercial 
letter size (83 in. X11 in.) is used, a heading containing no street 
address may occupy a single line. It should be so arranged 
as to end at or very near the right-hand edge of the paper. 
The parts of the heading, which are the name of the city or 
town and the state, the day of the month, and the year, are 
separated by commas. All abbreviations are followed by 
periods. 

The address, which is the name and address of the person 
to whom the letter is written, and which in the case of Exer- 
cise 116 is “L. B. Powell & Co., Washington, D. C.,” requires 
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two lines. If the street address were given it would require 
three. The parts of the address should be followed by com- 
mas except the last, which is followed by a period. The sec- 
ond line is indented about 2 inch from the left margin. 

The salutation is the greeting, “Gentlemen,” ‘Dear Sir,” 
“My dear John,” etc. with which it is customary to commence 
aletter. This begins at the margin and is followed by a colon 
or a comma. The colon is considered a little more formal. 
No dash is needed after the colon unless the letter is begun on 
the same line with the salutation. 

The body of the letter is the actual communication. The 
first line of this and the first line of every new paragraph should 
begin directly under the beginning of the second line of the 
address, making an indention of about 2? inch for all para- 
graphs. Throughout the entire letter there should be a left- 
hand margin of about 2 inch, and this should be kept as even 
as possible. 

The complimentary close, “Yours truly,” or some similar 
expression, occupies a line by itself and begins at about the 
middle of the line. Only the first word of this should be capital- 
ized. It should always be followed by a comma. 

The signature should contain the full name of the writer. 
This should end at the right margin and be followed by a period. 


182. Exercise 117.—The superscription is the address 
appearing on the envelope. The first line of the superscrip- 
tion contains the name and the title, as Mr., Miss, Mrs., Hon., 
Dr., etc. This line should be placed at the middle or a little 
below the middle of the envelope. Each line of the super- 
scription should begin farther to the right than the line pre- 
ceding; the last one, which contains the name of the state or 
country, should end at a distance of about 4 inch from both 
the bottom and right-hand edges of the envelope. 

When the superscription contains a street address the name 
of the city and state may occupy a single line, as in the case 
of “Scranton, Pa.,’’ in Exercise 117. If there is a box number 
or the letter is in care of some one this memoranda may appear 
in the lower left-hand corner. 
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It is customary to use a comma after each part of the super- 
scription, but this is no longer considered essential and many 
people omit it except when two parts of the address appear 
on a single line. / ; 


LESSON 19—EXERCISES 118 AND 119 


133. Exercises 118 and 119.—The copies of Exercises 
118 and 119 need no special explanation. Keep in mind the 
points drawn to your notice in Lesson 18. Keep in mind, also, 
the things you know to be necessary to good execution, position, 
movement, study, and care. 


LESSON 20—EXERCISES 120 AND 121 


134. Exercise 120.—Write the capitals and small letters 
of Exercise 120 in your best style. In the characters %, %, %, 
make the letters smaller than usual. Make the down stroke 
firmly and on the main slant. Give the figures a thorough 
review. Read Art. 128 again. 


135. Exercise 121.—Exercise 121 is the last one of the 
Course, and we have made it acopy of a letter you are requested 
to write, not only because of the excellent practice it affords 
but also because it will give you a specimen, prepared under 
instruction, to compare with your writing at the beginning 
of the lessons. Note carefully the arrangement of the different 
parts of the exercise and endeavor to follow this arrangement 
in your work. 

Please send us two or three pages of this last lesson in order 
that we may retain one as a final specimen of your writing. 
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SPELLING 


INTRODUCTION © 


1. Most persons of the present generation are very poor 
spellers—a deficiency that seems to be due to the fact that they 
have not developed the spelling instinct; that is, the ability to 
recognize at a glance whether a word is spelled correctly or not. 
This quality is found to be natural in some persons, but those 
in whom it is not inherent should exert every effort to acquire 
it, as its possession is of much importance. Any person who 
will study carefully and who will learn to note words minutely 
will find that after a time he can distinguish at a glance whether 
the letters composing a word are the proper ones. He should 
train the eye to see immediately the letters contained in a word 
and should fix in the mind a vivid mental picture of the word, 
so that the way it looks may be recalled without difficulty. 
Noting words in this manner produces a much more permanent 
impression than is produced by the mere repetition of the 
letters of a word. Proficiency in spelling may be acquired by 
practice along these lines, and any person who wishes to increase 
his spelling instinct will find that-his perceptive faculties are 
growing keener if he practices noting words in this manner. 


2. In the expression of thought, words are used in two 
important ways—in speech and in writing. In speech, the pro- 
nunciation and the meaning of a word are the important 
elements; in writing, the spelling and the meaning are the 
essential points. It will therefore be seen that to know merely 
the spelling of words is not sufficient; the meanings that words 
may have and the ways in which they are pronounced must 
be understood also. This twofold aim.of the subject of spelling 
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can be effected only through a careful study of the pronunci- 
ation and the meanings of words, in addition to the learning 
of the letters of which words are composed. 


3. To augment the study of words as it is here presented, a 
good dictionary should be consulted frequently. In the lessons 
that follow, the correct spelling of all words contained in them 
and the pronunciation and the meanings of many of the words 
are given; however, a dictionary is the only book that contains 
the correct spelling, the pronunciation, and the meanings of all 
English words. The “dictionary habit,” that is, the habit of 
consulting the dictionary freely, should be acquired. Few per- 
sons realize the value of a good dictionary and do not know 
that it is a regular storehouse of general and technical informa- 
tion. No other book is a more complete or more convenient 
reference book. For these reasons, a good dictionary should 
be owned by every one and should be referred to frequently. 
Familiarity with its use will soon show its value and will prove 
how indispensable it is. 


SPELLING LESSONS 


LESSON 1 


DIACRITICAL MARKS 


4. In most dictionaries, spellers, and books pertaining to 
words, many of the letters of words have certain marks above, 
below, or through them, as in the words Gie, énd, drm, éat, 
ovér, gem. Such marks are known as diacritical marks, 
and they are used to indicate the exact sounds of letters. Many 
letters have two or more sounds, and it is by the aid of dia- 
critical marks that such sounds can be determined; thus, it is 
not a difficult matter to pronounce words correctly when one 
has learned what the marks mean. 

The distinction between vowels and consonants must be 
understood if diacritical marks are to have their full significance. 
Five letters, a, e, 7, 0, and u, are pronounced by the vibrations 
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of the vocal cords and are known as vowels; the other letters of 
the alphabet are consonants. Each of the consonants represents 
a sound that, in utterance, is usually combined with a vowel. 

In every dictionary some system of diacritical marks is used 
to bring out the sounds of the letters. The sounds denoted by 
the various marks are usually shown in a table, or key, given at 
the beginning of the dictionary. Frequently, these sounds are 
also Ulustrated at the top or the bottom of each page of the 
dictionary. If these illustrations are studied thoughtfully, no 
difficulty should be experienced in pronouncing words in which 
the same sounds occur. 

In the table of diacritical marks that follows and in the 
exercises in which diacritical marks are shown, the system used 
in the latest edition of Webster’s Collegiate Dictionary has 
been followed. 


TABLE OF DIACRITICAL MARKS 


a4 as in ale é as in end 6 as in not 
aasin am é as in her 6 as in orb 
A as in care i as in ice ti as in use 
a as in arm i as in ill tias in up 
a as in ask { as in sir as in urn 
é as in me 6 as in old 

00 as in food 60 as in foot 
e, like k, as in cat %, hard, as in go 
¢, likes, as in cent g, like j, as in age 
eh, like k, as in chorus n, like ng, as in ink 
ch, like sh, as in machine s, like z, as in has 


ch, unmarked, as in child 


5—a LONG, AS IN ale 


ate fame place bathe claim 
day make trade slate paste 
ray jail chain slave faint 
hay bait pray frame praise 
cage take frail graze plague 
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6—a SHORT, AS IN am 


lad back have catch scratch 
apt bran crash scalp plank 
flat sash drank badge hatch 
glad sang stamp scamp sprang 
7—€ LONG, AS IN me 
éve chéat bléak - créak béast 
eat near leave theme please 
tea scene clean sneak scheme 
here shears thief preach smear 
need sphere grief shield seized 
8—e SHORT, AS IN end 
cént déaf méant dénse bréast 
step next dread tempt wealth 
lend debt chest fence pledge 
help when smell flesh death 
tent hemp sweat scent thread 
9—t LONG, AS IN ice 
mice knife spine height guide 
time prize bribe flight shine 
nice price quite while tribe 
high white blithe writhe blind 
sign wire strife bright right 
10—¢ SHORT, AS IN ill 
pin live click bring glimpse 
sing zinc think still bridge 
quit niche rinse whist switch 
milk print width stitch fringe 
knit stiff which script kissed 
11—3 LONG, AS IN old 
foe toast ghost coax 
comb _ wrote rogue known 
torn throne mourn hoarse 
loan scold broke growth 
yolk forge though clothe 


foam coach coarse throat 
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12—0 SHORT, AS IN not 


ddl, 
rock 
lodge 
drop 
song 


blénde 
prompt 
block 
throng 
stock 


13—0 AS IN orb 


lérd north 
fork scorn 
chord torch 
horse stork 


storm 
thorn 
morgue 
corpse 


14-%1 LONG, AS IN use 


jtlice 
deuce 
cute 
feud 
sued 


gliie 
pure 
fuse 
duke 
cube 


15—% SHORT, AS IN up 


yoting 
touch 
cruinb 
fudge 
fund 


16—a AS IN 


Air fare 

wear chair 
bear snare 
hare spare 


i7—a AS IN 


calf park 
start star 
parse charm 


starve «** large 


scrtib 
crust 
struck 
grudge 
flush 


care 


stare 
square 
flare 
scare 


arm 


salve 

psalm 
march 
sparse 


fléck 
copse 
knock 
dodge 
wrong 


scérch 
short 
horned 


gorge 


plime 
flute 
sluice 
glue 
fugue 


dtince 
thumb 
crutch 
plunge 
lunch 


swear 
scarce 
prayer 
glare 


jaunt 

starch 
heart . 
haunt 
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18—a AS IN ask 


gasp chant pass chance basque 

fast dance lance mast flask 

mass grasp path cast glance 

last clasp past branch graft 
19 


The sound of @ in her, 7 in sir, and #@in urn is identical. The 
following words illustrate this sound: 


férn dirt slttr léarn 
herb girl urge nérve 
jerk dirge spurt squirm 
verse birth curve thirst 
pert firm nurse larch 
earl smirch surge scotirge 
heard shirred spurn twirl 


20—SYLLABLES AND ACCENT MARKS 


All the words given thus far are words of one syllable; that is, 
each of the words is of such nature that it is pronounced by a 
single vocal sound. However, the majority of words in the 
English language consist of two or more syllables. Correct 
pronunciation depends very largely on the proper separation 
of a word into syllables, and for this reason an understanding 
of the syllables of which a word is composed is necessary. 

All words of two or more syllables are accented more strongly 
on one of the syllables than on the others. In order to indicate 
this fact, an accent mark, which is made thus ’, is placed at the 
end of the syllable that is to receive the greatest stress. For 
example, when the word captain is pronounced, more emphasis 
is given to the first syllable than to the second. This is shown 
by the use of the accent mark, which occurs immediately after 
the first syllable. 

In words of three or more syllables, two accent marks are 
very often used. One of them is known as the primary accent 
and the other as the secondary accent. The primary accent 
marks the syllable that is to receive the stronger emphasis, 
and the secondary accent follows the syllable that is to receive 
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the weaker accent. These marks are distinguished from each 
other by the fact that the primary accent is a heavy mark, and 
the secondary accent,’a light accentual mark. These marks 
are illustrated in the word in’di ges’tion, where the primary 
accent is placed on the third syllable ges and the secondary 
accent on the first syllable in. 

In the exercises that follow, many words of two or more 
syllables are given. In these words only the primary accent 
is indicated, but the syllables are shown in every case. 


21 
peel eyes bones just your 
core nose el’bow earn were 
seeds head knee blue worse 
stem chin lungs bus’y broad 
pulp ears heart hand’ful col’or 
rind teeth feet trib’al read’y 
tree cheek arms cough brown 
fruit mouth ° fin’gers ~__— lose man’y 

22 
trunk board howls ci’der e nough’ 
round green called can’dy dreadful 
their mean curled cor’ner ven’ture 
claws light smok’y pea’nuts skip’ping 
world quilt po’ny stock’ing surface 
through gone phlegm cheer’ful char’coal 

23—THE CLOCK 
face key wood fig’ures 
hour glass weights min’ute 
hands brass i‘ron ham’/mer 
wheel case di’al pen’du lum 
24—RELATIVES 
pa’pa son neph’ew kins’man 
fa/ther aunt broth’er grand’fa ther 
moth’er niece chil’dren an’ces tors 
par’ents wife daugh’ter grand’daugh ter 
mam/’ma un’cle hus’band son’-in-law 


sister cousin ,.- — kin’dred moth’er-in-law 


pies 

buns 
pork 
game 


floor 
porch 
par’lor 
kitch’en 


desks 
class 
pens 
seats 
globe 
shelf 


toil 
moat 
arch 
frown 
sell 
pawn 
heat 
jest 


lean 
lamp 
bold 
noise 
ripe 
south 
dude 
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25—FOOD AND EATING 
beef bread tap i o’ca break’fast 
lamb ba’con sau’sage din’ner 
cake liv’er oat’meal sup’per 
eggs sug’ar pudding lunch’eon 
26—THE HOUSE 
nurs’ery chim’ney = man’tel en’try 
clos’et cup’board fur’nace pan’try 
gar’ret cel’lar door’step __ di/ning-room 
fire’place hearth at’tic stair’case 
27—-IN THE SCHOOLROOM 
chart schol’ars ink’stand 
pa’per pic’tures pen’-wi per 
ru’ler pro’gram waste’-bas ket 
cray’on shut’ters tran’som 
pupils black’board reg’is ter 
teach’er at’las dic’tion a ry 
28 
joke blast scowl frol’ic 
pile quoth dressed la’bor 
stray ache trench be fore’ 
moves ruse fu’el mid‘dle 
filth scrub jol'ly of’ten 
gape scour stick’y or’ der 
space trick wander din’gy 
quaint yawn di rect’ sor’ry 
29 
on‘ly mis take’ jin’gle spo’ken 
o’pen my self’ par’cel un less’ 
mer’ry par’ing crip’ple try/ing 
mor’tal naugh’ty tor ment’ un til’ 
sev’en rum’ple shad’ow tumble 
wag’on quar’ rel re cluse’ er’ror 
dug’out roast’er sul’len ca reer’ 
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30 
j taste worth » upset’ shiv’er pa’gan 

teach wreck up’per gal’'lon lo’cal 
stood whose sto’ries sal/low trip’le 
wake move writ’ten slang’y pref’ace 
thought beast sel’dom whisk’ers _ fu’sion 
speech . doubt alm’ond interrupt’ drilled 
im part’ a’/bly o’gre foe’man post’age 

Bt 
prism groan re fine’ cot/ton 
loaf strength rip’en tun’nel 
came tow’er boiled blos’som 
mill reach hogs’head sev’er al 
scum joints mo las’ses talk’a tive 
beard leaves liq’uid plan ta’tion 
sprite dry’ad bo’gus pro te ge’ 
bonds o’pi um dudg’eon blind’ness 


32—THE HOUSE 


tongs sieve buf’fet fork 
ba’sin stove chi’na spoon 
pok’er ' broom plates ta’ble 
shov’el ket’tle sau’cer cru’et 
dip’per scut’tle gob’let cast’ers 
buck’et dust’/pan teacup nap’kin 
coal’-hod skim’mer tu reen’ tumbler 
grid‘i ron sauce’pan plat’ter side’board 


33—6 SHORT, AS IN not 


coffin con’cert trotted hém’i ly 
for’est pos sess’ nov’el pock’et 
bot’tle sor’rel pop’py of fense’ 
gloss’y cof’fee trolley pov’er ty 
bon’net rock’et com plaint’ pros’e lyte 
tri’pod nos’ tril froth’y vol can‘ic 


con vey’ problem *" ob serve’ lon’gi tude 
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34—THE HOUSE 
soap sheets vase so’fa 
bowl lounge car’pet stool 
tow’els pil’/lows mir’ror ta’ble 
bol’ster bu’reau cur’tain music 
pitch’er blank’ets has’sock pian’o 
scis’sors mat’tress book’case por’trait 
nee’dles bed’stead arm’chair cab’i net 
thim’ble cov’er let ot’to man cush’ions 
35—BIRDS 
owl wren raven par’rot o’ri ole 
dove hawk ea’gle ostrich vul’ture 
crow quail con’dor pig’eon par’tridge 
lark stork lin’net her’on blue’jay 
gull grouse cuck’oo pea’cock _ bob’o link 
swan crane spar’row __ swal’low __snight’in gale 
thrush snipe starl’ing gros’beak wood’peck er 
ruff plov’er pet’rel pheas’ant pel’ican 
36—WHAT BIRDS DO AND HAVE 
coo soar car’ol whis’tle tal’on 
caw whir hov’er mi’grate pin’ion 
chirp poise war’ble wings feath’ers 
cheep perch twit’ter beak plu’mage 
37—ANIMAL SOUNDS 
purr yelp bleat squeak gob’ble 
hum howl cluck roar cack’le 
low quack neigh scream whin’ny 
grunt growl croak buzz bel’low 
squeal mew snort screech chir’rup 
- 8800 LONG, AS IN food 
moon spool hoodlum tooth’ache 
bloom root sham poo’ broom’stick 
goose moor roost’er mon soon’ 
booth snooze boot’black cat toon’ 
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wool 
book 
stood 
shook 


plain 

‘o’a sis 
val’ley 
des’ert 


creek 
stream 
strait 
brook 
frith 
fiord 


bee 
wasp 
flea 
lo’cust 
hor’net 
shrimp 


tai’lor 
ba’ker 
doc’tor 
law’yer 
cob’bler 
sto’ker 
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39—00 SHORT, AS IN foot 
coop | wood’bine 
soot brook’let 
wood foot’ball 
look crook’ed 
40—LAND 
cape isth’mus 
is‘land head’land. 
con’ti nent moun’tain 


pen in’su la prom’on to ry 


41—W ATER 
marsh har’bor 
o’cean tor’rent 
river break’ers 
cas cade’ del’uge 
chan’nel foun’tain 
la goon’ whirl’pool 

42—INSECTS 

gnat ant 
moth wee’ vil 
roach mos qui’to 
bee’ tle glow’worm 
crick’et silk/worm 
scar’ab scor’pi on 

43—OCCUPATIONS 
flo’rist farm’er 
join’er weay’er 
gro’cer build’er 
bank’er butch’er 
mer’chant drug’ gist 
pur’ser stew’ard 


44—_HOMON YMS 


11 


hood’ wink 
good by’ 
rook’er y 
cook’y 


prai’rie 

pla teau’ 
vol ca’no 
ta’ble-land 


mael’strom 
cat a.ract 
es'tu a ry 
riv’u let 
trib’u ta ry 
res’er voir 


drag’on-fly 
bumble bee 
but’ter fly 
ka’ty did 
grass’hop per 
ta ran’tu la 


mil’li ner 
min/is ter 
gar’den er 
car’pen ter 
black’smith 
boat’swain 


Frequently two or more words are of different origin and 
meaning, but have the same spelling or the same pronuncia- 
tion. For example, /éad, meaning to conduct, and /éad, a metal, 
are spelled alike, but are pronounced differently, while cent, 
sent, and scent, are similat in sound, but not in spelling. Such 
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words are known as homonyms. Because of their similarity, 
words of this kind are often confused and used incorrectly. 
An understanding of such terms is necessary if one wishes to 
avoid errors in their use, and for this reason the exercises on 
homonyms should be studied very carefully, so that the dis- 
tinction between the terms given in them may be understood. 


cord, a small rope - { flour, ground wheat 
chord, the string of an flow’er, a blossom 
1 instrument; a  com- 
bination of musical : | nicht. a ile of Meee 
tones night, time of darkness 
9 { made, finished 
maid, a maiden; a girl % { know, to understand 
‘ no, a word of dental 


3 { throne, the seat of a king 
thrown, cast 


f hall, a large room 


4 { bread, food made of flour 8 
~ | haul, to drag by force 


bred, brought up 


In the sentences that follow, the homonyms are printed in 
Italic. Reference to the preceding list will show that these 
words are used correctly. 


(a) Use this cord for your package. 

(b) Where are you going, my pretty maid? 
(c) The knight was thrown from his horse. 
(d) We went into the reception hall. 

(e) She made the bread from wheat flour. 
(f) Did you know that he came home last night? 
(g) No, you cannot have this flower. 

(hk) The king sat on his throne. 

(t) He isa well bred man. 

(j) Haul this tree to the bank of the river. 
(k) That chord of music is beautiful. 


45—e LONG, AS IN eat 


co hére’ tréa’ty féa’si ble mé’di um 
im pede’ “con vene’ de scribe’ pre’mi um 
fe’male ju’bi lee e’qui nox weak’ly 
de’pot the’o ry trea’tise mean‘ing 
e’qual need’y sea’port free’dom 


. 
sen‘ior su preme’ feature crea’ture 
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solar 
lu/nar 
tar’tar 
stellar 
sec’u lar 
vin’e gar 


where as’ 
wheth’er 
here to fore’ 
so’journ 
in’stance 
per turbs’ 
al to geth’er 


first 
three 
third 
twice 
fifth 
eighth 


fir 

elm 

oak 
pine 
palm 
larch 
beech 
birch 
bal’sam 


good 
frank 
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nec’tar _dro’ver dif’fer 
lat'ter ~  can’ker hin’der 
an’ger la/ter gan’der 
bet’ter cof’fer fil’ter 
or’ der mourn’er  plun’der 
tem’ per pep’ per tick’er 
47 

doff bar’ring 

oc curred’ gra’ded 

cash ier’ limit ed 

u’sing sham’rock 

in dulge’ them selves’ 

ex panse’ en a/bling 

sol’dier ly mid'dle 

48—PERTAINING TO NUMBER 

twelve sin’gle 

twelfth dou’ble 

for’ty hun’dred 

nine’ty mil’lion 

fif’/ty tri’ple 

four’teen thir’teen 

49—TREES 

ce’dar spruce 

ma’ple lin’den 

wal/nut dog’ wood 

hemlock hick’o ry 

cy’ press chest’nut 

pop’lar red’ wood 

willow rose’wood 

hol’ly but’ter nut 

ban’yan se quoi’a 


50—WE SHOULD BE 
cor’dial help’ful 
sin cere’ , «* thought’ful 
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lar’der 
blis’ter 
blub’ber 
member 
nei’ther 
ped’dler 


im ag’ine 
dis pense’ 
as cer tain’ 
thank’ful 
peace’ful 
per tain’ing 
piece’meal 


thir’ti eth 
for’ti eth 
thou’sand 
eight’/i eth 
nine’ti eth 
hun’dredths 


bass’wood 
syc’a more 
ca tal’/pa 
box’wood 
pal met’to 
mag no’lia 
sas’sa fras 
ma hog’a ny 
per sim’mon 


civ’il 
o blig’ing 
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prompt 
hon/est 
no’ble 

po lite’ 


mean 
curt 
proud 
la’zy 
sulk’y 
sau’cy 


gale 
gust 
breeze 
squall 


barge 
yawl 

_ sloop 
yacht 


lime 
grape 
quince 
pear 
peach 
plum 


SPELLING 
lov’/ing ge’ni al 
truth’ful stu’di ous 
care’ful pa’tient 
hope’ful cour’te ous 

51—WE SHOULD NOT BE 
stin’gy rude 
cru’el suc’ly 
self’ish care’less 
un kind’ haugh’ty 
fret’ful de ceit’ful 
sullen tat’tling 
52—WINDS 
zeph’yr cy’clone 
tem/’pest si moon’ 
whirl’wind ty phoon’ 
hur’ri cane tor na’do 
53—BOATS 
do’ry ca noe’ 
gon’do la cut’ter 
frig’ate schoon’er 
steam’er ves’sel 
54—FRUITS 
lem’on cur’rant 
ap’ple grape’ fruit 
cher’ry rasp’ber ry 
or’ange pine’ap ple 
rai’sin huc’kle ber ry 
cit’ron straw’ber ry 
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gen’er ous 

o be’di ent 
tem’per ate 
in dus’tri ous 


im po lite’ 

dis hon/est 
cow’ard ly 
quar’rel some 
dis hon’or a ble 
dis o be’di ent 


trade’-wind 
an’ti trade 
si roc’co 
mis’tral 


dread’nought 
sub ma rine’ 
man-of-war’ 
cruis’er 


a’pri cot 
goose’ber ry 
ba na/na 
wa’ter mel on 
pome’gran ate 
can’ta loupe 
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LESSON 2 


55—NOUNS 


Many words are used as the name of some person, place, 
thing, quality, or idea. Such words are known as nouns. 
Each of the words in the following list is a noun. 


cloalx sleeve penknife loaves 
rib’bon fields Hen’ry mar’bles 
er’rand type Bos’ton Hud’son 
bal loon’ win’dow mes’sage Mon’day 
kit’ten scare’crow bride’groom tres’tles 
jack’et mus’tard cask’et coun’tries 


56—SINGULAR NOUNS 


Nouns that denote only one person, place, thing, quality, or 
idea are singular nouns, or nouns in the singular number. 
Each of the nouns that follow is in the singular number. 


skull cra’dle les’son villain 
stamp wa’ fer ur’chin bun’dle 
creed swimmer cab’in han‘dle 
let’ter in ven’tion citi zen horse’shoe 
lad’der shin’gle ex cur’sion marks’man 
span‘iel pol’i cy mis’sion snow’shoe 


57—PLURAL NOUNS 


Nouns that denote more than one person, place, thing, 
quality, or idea are plural nouns, or nouns in the plural 
number. Each of the nouns that follow is in the plural number. 


choirs nos’trils journeys stock’ings 
tri’als ra’zors wo’men tongues 
slip’pers or’phans pau’pers sal’ar ies 
bridg’es drag’ons crutch’es hatch’ways 
sal’ads In’di ans guin’eas he’roes 


nov’els vi’sions ‘*' tis’sues pio neers’ 
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58—ARITHMETIC 
rate cu’bic in’te ger a mount’ 
terms fac’tor dec’i mal prin’ci pal 
prime frac’tion ay oir du pois’ di vis’i ble 
dig’ it al'i quot cal cu la’tions in sur’ance 
ze'TO dis’count com pos’ite bro’ker age 
a’cre ex am’ple nu’mer a tor per cent’age 
naught in’ter est de nom’i na tor multi ple 
59—HOMONYMS 
pair, two meat, animal food 
1 } pare, to cut off 5 meet, proper; to come 
pear, a fruit together 


9 { their, belonging to them 
there, in that place 


{ capi tal, chief town; stock 
3 . eee 
cap’i tol, butlding 


mete, to measure 
6 { as cent’, a rising 
as sent’, agreement 


7 { pane, a plate of glass 
pain, an ache 


4 { hear, to listen 8 { rye, a grain 


here, in this place 


wry, crooked 


In the following sentences, the numbers enclosed in marks of 
parenthesis refer to words in the group of the same number. 
Write each sentence correctly by using, in place of the number 
in it, the correct word from the preceding group of words. For 
instance, in sentence (a), the word there should be used in place 
of the number (2). This sentence will then read: There is 
nothing new under the sun.— Bible. 


(a) 
(0) 
(c) 


(d) 
(e) 
(f) 
(g) 
(h) 
(i) 
(j) 


(2) is nothing new under the sun.— Bible. 

Can you (1) a (1) with a (1) of scissors? 

When we visited the (8) of the United States, we saw the 
(3), a white marble building. 

When shall we three (5) again?—Shakespeare. 

Our guidé said that the (6) of Mont Blanc is full of danger. 

(4) rests his head upon the lap of earth —Gray. 

(2) lives were in danger when that large (7) of glass fell. 

He would not give his (6) to the proposal. 

(8) grows in cold countries. 

She suffered great (7) after the operation. 
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de clare’ 
col lect’ 
al lay’ 
ap pall’ 
at tach’ 
pac’i fy 
de fy’ 


nerve 
spell 
spend 
step 

en gage’ 
sat’is fy 


ro tund’ 
doub’le 
punc’ture 
mat’ting 
val’u a ble 
pen’sion 


soil 
earth 
ground 
marl 
loam 
muck 
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60 
cancel ap pease’ con sent’ 
aver’. #¢¢-a bol’ish re voke’ 
a mass’ as sert’ dis cuss’ 
as suage’ con cede’ af firm’ 
af fright’ man/age al low’ 
ap pend’ con cern’ at tract’ 
pit’y ca jole’ dis cern’ 
61 
un nerve’ ech’o 
mis spell’ e lect’ 
mis spend’ le’gal 
mis step’ sev’er 
re en gage’ mor’tal 
dis sat’is fy simi lar 
62 
brick’bats i de’als 
jew’el er su pe’ri or 
to mor’row va ca’tion 
which ev’er twilight 
scen’er y moun’tain 
tel’e graph cam’e ra 
63—THE FARM 
mold fallow 
turf fer’tile 
silt ster’ile 
stone pas’ture 
sand mead’/ow 
hu/mus woodland 
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se cede’ 
a gree’ 

an nul’ 
ar’gue 

se cure’ 
an noy’ 
re volt’ 


re ech’o 

re e lect’ 

il le’gal 

dis sev’er 
im mor’tal 
dis sim’i lar 


myth 
sleet 
tacks 
flu’ent 
awning 


al fal’fa 


sub’soil 
ver’dure 
drain’age 
ar’a ble 
fruit’ful 
or’chard 


64—NAMES OF THE MONTHS WITH THEIR ABBREVIATIONS 


Jan’uary 
Feb’ru a ry 
March 
A’pril 

May 

June 


Jan. 
Feb. 
March 
Apr. 
May 
June : 


¢ 
° 


July’ 
Au’gust 


Sep tem/’ber 
Oc to’ber 

No vem’ber 
De cem’ber 


July 
Aug. 
Sept. 
Oct. 

Nov. 
Dec. 


18 


hose 
gloves 
cravat’ 
skirt 
shawl 


vot’er 
ve’to 
bo’nus 
mo’tive 
lo’cate 
sloth’ful 
o paque’ 


post pone’ 


veal 
tarts 
toast 
gru’el 
hon’/ey 
sal’ad 


fools’cap 
si‘ren 

mi rage’ 
pas’time 
jus’tice 
Cu’ban 
des’ pot 
ton/sil 
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65—WEARING APPAREL 
mack’in tosh veil 
gai’ters scarf 
col’lar hood 
trou’sers ruf’fle 
shirt neck’tie 

66—5 LONG, AS- IN old 
clo’ven suf’f6 cate 
gold’en o’pen ness 
pro fuse’ be moan’ 
thresh’old o’pi ate 
o’ver seer ig no’ble 
mo rose’ e mo’tion 
tel’e phone no’ta ry 
gro tesque’ ho’li ness 

67—FOOD 

mut’ton broth 
biscuit cut’let 
noo’dles conserve 
crack’ers muf’fins 
wat’fles por’ridge 
catch’up chow’ der 
Bronx jun‘ior 
cav'il el lipse’ 
civ‘ic de spair’ 
de bate’ umpire 
sub’way armed 
fer’ry de pos’it 
slo’gan ban/‘dits 
ex haust’ a byss’ 


69—PLURALS 
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muff 

boots 
tip’pet 
storm/coat 
o’ver alls 


vocal ist 
ro’se ate 
her’o ism 
in’do lence 
ret’ro spect 
po lite’ness 
be hold’er 
tro’che 


hom'i ny 
cus’tard 
dump’ling 
dough’nut 
sauer’kraut 
om’e let 


ven’ti late 
des’o late 
hap’pened 
at ten’tion 
em broid’er 
fore gone’ 
sham’bles 
sol’ace 


Rule.— The plural of many nouns is formed by adding s to 
the singular; as, bride, brides; girl, girls. 


feasts 
sprites 


hor’ses 
but’tons 


cellars 
mit’tens 


mag a zines’ 
fos’sils 
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Ro’mans an’kles 
scarfs helmets - 
cor’sets a/prons 
bon’nets gai’ters 


19 
ur’chins farm’ers 
rib’bons tel’e scopes 
er’rands sched’ules 
dra’mas cab’i nets 


7O—PLURALS 


Rule.—Nouns ending in s, sh, x, 2, ch soft, and some end- 
ing in 0 after a consonant, add es to the singular to form the plural; 
as, class, classes; bush, bushes; fox, foxes; fuzz, fuzzes; watch, 


watches; hero, heroes. 


kiss’es rush’es box’es ditch’es car’goes 
loss’es crash’es tax’es ranch’es ech’oes 
pass’es lash’es lynx’es birch’es ne’groes 
grass’es marsh’es __ frizz’es peach’es em bar’goes 
cho’ruses _ flash’es fezz’es church’es mu lat’toes 


wit’ness es brush’es to’paz es 


wretch’es man’goes 


7i—g HARD, AS IN go 


Zos’sip srav’el 
tar’get drug’ gist 
girl'ish gal’ler y 
ig nore’ gal’lop 
gas’tric reg’u lar 
gos’pel lit’i gate 


72—HOMON YMS 


air, what we breathe 
e’er, ever - 

ere, before 

heir, one who tnherzts 


sail, of a ship; to begin a 
voyage 
sale, a selling 


{ ho’ly, sacred 


2 


: whol’ly, completely 


plain, level ground; clear 
plane, flat surface; tree; 
tool 
IL T 300—33 


+ 


¢ 


Wha 


fru’gal del’e gate 

in trigue’ par’a gon 
con’gre gate gov’er nor 
au’to graph al’li ga tor 
reg’u late ob li ga’tion 
grav’i tate ig no min‘i ous 


| 
| 
| 
“{ 


rain, water from clouds 
reign, rule 
rein, for a horse 


coarse, rough 
course, way 


collar, band for the neck 
chol’er, anger 


dying, ceasing to lave 
dye’ing, coloring 
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Write the sentences that follow, and in place of each number 
enclosed in marks of parenthesis, write the correct word, select- 
ing the word from the group numbered the same as the number 
enclosed. 


(a) 
(0) 
(c) 
(d) 
(e) 
(f) 
(g) 
(h) 
(2) 


They were having a (2) of lace (7)s. 
Russia is almost (3) a vast (4). 

That cloth is very (6). 

The (5) will purify the (1). 

The ship will (2) (1) daybreak. 

His (7) is easily aroused. 

We thought her (8) when she slept. 

The king will (5) with justice and wisdom. 
The Prince of Wales is (1) to the throne. 


G) That is a good material for (8). 
73—FAR NORTH 
seal er’mine floe 
whale rein’deer Lapp 
sable po’lar bear au ro’ra 
wal’rus ei’der duck gla’cier 
74—TOOLS 
file gouge le’ver 
adz square au’ger 
rake lathe gim let 
spade wrench mal’let 
plane shears pin’cers 
15 

se rene’ rus’tic waste’ful 
comic tac’it fear’ful 
pu’trid tur’bid ru’ral 
ea/ger stur’dy plac’id 
rud’dy som’ber ar’dent 
lav’ish tim/id hard’y 
foiled be trothed’ de throned’ 

76—a LONG, AS IN ate 
en grave’ cray’on ef face’ 
a’gen cy pa’tron con’cave 
chamber sta’tion en gage’ 


moss’es 
li’chens 
Es’ki mo 
ice’bergs 


chis’el 
lev’el 
trow’el 
hatch’et 
cork’screw 


silent 
gloom’y 
mud’dy 
flor’id 
rot’ten 
mirth’ful 
shift’less 


dan’ger 
ha’zy 
ba’bel 
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brace’let an’cient be came’ fa’ble 
fa’vor ite bay’o net pro fane’ ha’tred 
va’por dra’per y dis place’ man’ger 


77—WORDS LIABLE TO BE CONFOUNDED 


Words that are liable to be confounded should receive care- 
ful study. Such words differ from homonyms in the fact that 
while they are closely related in spelling and pronunciation, they 
are not exactly the same in either of these two points. Because 
of the similarity in their form and pronunciation, they are fre- 
quently confused and used incorrectly. Take, for example, the 
words precede and proceed. Precede means to go before, and 
proceed means to advance; but how often do we hear such sen- 
tences as, He PRECEDED on his journey and Lightning PROCEEDS 
thunder. When the meaninys of these two words are considered, 
it can readily be seen that the sentences should be given, He 
PROCEEDED on his journey and Lightning PRECEDES thunder. 

A number of exercises on words of this kind are given to call 
attention to such mistakes and to aid in avoiding such errors. 
In the study of these words, careful thought should be given to 
their spelling, pronunciation, and meaning. 


sculp’tor, a carver of light’en ing, to make light 
1 stone light’ning, electric flash 
sculp’ture, carved work 
‘tients, sick 1 
proph’e sy, to foretell 5 J re 5 gas bated 
; ia | pa’tience, endurance 
proph’e cy, a prediction 


pre cede’, to go before 6 dis ease’, illness 
pro ceed’, to advance de cease’, death 


Write the following sentences, selecting the word that 
expresses the desired meaning: 


(a) His (prophesy, prophecy) was fulfilled. 

(b) Let us run with (patience, patients) the race that is set 
before us.—Bible. 

(c) Enjoy the kingdom after my (disease, decease). 

(d) The captain ordered the (lightning, lightening) of the ship. 

(ec) Wesaw many beautiful pieces of (sculptor, sculpture). 

(f) The physician from Berlin cured many (patience, patients). 

(g) The flashes of (lightning, lightening) were frequent. 
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(h) (Proceed, precede) on your journey and you will soon be with 
your friends. 

(1) Phidias was a famous (sculptor, sculpture) of ancient Greece. 

(j) Certain signs always (proceed, precede) certain events. 

(k) The remedy is worse than the (disease, decease). 

(1) They often (prophesy, prophecy) that evil will befall you. 


78 
ga rage’ gas’o line au to mo’bile 
ton neau’ run’a bout lo co mo’bile 
chauf feur’ au to mat’ic au to mo’bil ist 
mo’tor ist car’bu ret er au to mo’bil ism 
mo’tor ing li mou sine’ speed om’e ter 
79—MILITARY TERMS 
cap’tain mi li’tia fur’lough cam paign’ 
ma’jor ar’sen al com mand’er maneu’ver 
colo’nel re doubt’ pa role’ com mis’sion 
ser’geant breast’works  dis’ci pline e quip’ment 
lieu ten’ant bar’racks de sert’er fron tier’ 
gen’er al gun’ner y can non ade’ emis sa ry 
en’sign mar’shal cutlass e ques’tri an 
80—REVIEW OF DIACRITICAL MARKS 
clds’ét saun’tér fi nance’ stii’di otis 
éa’/gér shér iff fin an ciér’ trav’él ér 
di vorce’ Tuaes’day cém/rade drama tize 
a’pri cdt trib’tine én vél/dp ac knéwl’édge 
ba na’na Ad dréss’ céch’i néal skép’tic 
81 
height count’er la’zi ly ach’ing 
re sult’ awk’ward hes’i tate sur prise’ 
con fess’ busi ly spe’cial quan’ti ty 
wrig’gle re mark’a ble u’ni verse syl'la ble 
fir’kin men tal’i ty village scold’ed 
anx i’e ty u’su al ly “pro tect’ gos’sa mer 
bar’y tone or’ches tra rap’id ly de li’cious 


—— a a.” 


§ 16 


rai/ment 
pan ta loons’ 
cod’i cil 

u ten’sil 

ve ran’da 
beau’ti ful 
wonder ful 
the’o rize 
south’ern er 


cym’bal 
ceil/ing 
cis'tern 
cen’tral 
pac’i fy 
plac’id 


cha rade’ 
chiv’al ry 
cham/ois 
cha grin’ 
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myriad 


wiz’ard 
grizzly 
ker’o sene 
jew’el ry 
tyr’an nize 
au’thor ize 
in dis tinct’ 
bach’e lor 


83—¢ SOFT, 


cylin der 
cel’e brate 
a cerb’i ty 
so lic’i tude 
pan a ce’a 
per cep’tion 


84—ch SOFT, 


mus tache’ 
cham pagne’ 
chat’e laine 
chiv’al rous 


par’lia ment 
sep’a tate 
ox’y gen 

rep’ tile 
pat’ron ize 
doc’ile 
cor’nice 
trans par’ent 
for’eign er 


LIKE s 


cin’/der 
cer’tain 
nov’ice 
cer’ti fy 
or’i fice 
mer’ci ful 


LIKE ch 


ma chine’ 


che mise’ 
chev’ron 
cha teau’ 


85—PLURALS 
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sal’a ry 
mammal 
cru’ci fy 
sol’em nize 
rec’og nize 
poor’house 
wood’chiuck 
dra goon’ 
guard’i an 


cer’e mo ny 
ce les’ tial 
cen ten’ni al 
lu cid’/i ty 


mer’ce na ry 


ne ces’si ty 


chev a lier’ 
Chey enne’ 
chan de lier’ 
at ta ché’ 


Rule.— Nouns ending in y preceded by a vowel add s to form 
the plural; as, monkey, monkeys; valley, valleys. 


SINGULAR 
al'ley 
es/say 
cov’ey 
tur’key 
pul’ley 
vol’ley 
medley 


PLURAL 
al‘leys 
es’says 
cov’eys 
tur’keys 
pul’leys 
volleys 
med’leys, « 


SINGULAR 
door’way 
don’key 
kid’ney 
chim’/ney 
at tor’ney 
rail/way 
viceroy 


PLURAL 
door’ways 
don’keys 
kid’neys 
chim/neys 
at tor’neys 
rail’ways 
vice’roys 
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86—PLURALS 
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Rule.— Nouns ending in y preceded by a consonant change 
the y to i and add es to form the plural; as, city, citdes; county, 


counties. 


SINGULAR 
army 
par’ty 
a’gen cy 
pan’try 
col’o ny 
laun’dry 
in’ju ry 
cav'i ty 
bat’ter y 
ca na’ry 


tu’lips 
as’ters 
li’lacs 
clo’vers 
or’chids 
pop’ pies 


an’te rooms 
rou tine’ 
mo ral’'i ty 
So’cial ism 
U to’pi an 
now’a days 
pri’ma ry 
mile’age 
poul’try 


priest 
pas’tor 
dea’con 


PLURAL 
ar’mies 
par’ ties 
a’gen cies 
pan’tries 
col’o nies 
laundries 
in’ju ries 
cav’i ties 
bat’ter ies 
ca na’ries 


SINGULAR 
dra’per y 
so ci’e ty 
mal’a dy 
sem’i na ry 
bound’a ry 
sec’re ta ry 
mis’sion a ry 
bal’co ny 
cem’e ter y 
phar’ma cy 


87—FLOWERS 


lark’spurs 
lilies 
daisies 
mar’i golds 
haw’thorns 
car na’tions 


fore cast’ 
con vened’ 
rear’-end 
tex’ tile 
trans‘it 
age’less 

re vers’es 
typ’i fy 
cur’so ry 


pansies 
sweet peas 
hy’a cinths 
dan’de li ons 
prim’ros es 
gold’en rod 


88 


hu mane’ 
ra’di um 
plat’form 

e lect’or ate 
te voked’ 
post’ of fice 
al li’ance 

qui e’tus 
moth’er hood 


89—RELIGION 


chor’is ter 
chap’lain 
bap’tism 


Bible 
re vi'val 
par’a ble 


PLURAL 
dra’per ies 
so ci’e ties 
mal’a dies 
semi na ries 
bound’a ries 
sec’re ta ries 
mis’sion a ries 
bal’co nies 
cem’e ter ies 
phar’ma cies 


sun‘flow ers 

hol’ly hocks 

vi’o lets 

ge ra/ni ums 
morn’ing-glo ries 
chrys an’the mums 


Dem o crat’ic 
per son nel’ 
dis sec’tion 

il lit’er ate 
diet a ry 

in debt’ed ness 
may’or al ty 
can’o py 

de gen’er ate 


Christ’like 
sac’ri lege 
dox ol’o gy 
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bish’op 
cler’gy 
la’i ty 
lit’ur gy 
mosque 
di vine’ 


may’or 
ten’ant 
sew’er 
gut’ter 
pa trol’ 
av’e nue 
curb 


SPELLING 


dis ci’ple 


cer e mo’ni al 


rev’er end 
con’se crate 
sac’ra ment 
chan/cel 


con ver’sion 
wor’ship er 
re deem/er 
pen’i tent 
im mer’sion 
tes’ta ment 


90—THE CITY 


hy’drant 
po lice’ 
pre’cinct 
hos’pi tal 
sa loon’ 
the’a ter 
mu se’um 


pave’ment 
lamp’post 
traf’fic 
ten’e ment 
col’lege 
li’bra ry 
sta’tion 


- 91—POSSESSIVES 


25 


ben e dic’tion 
mon/as ter y 
the ol’o gy 
sur’ plice 
syn’a gogue 
car’di nal. 


me trop’o lis 
trol’ley car 
gar’bage 
op’e ra 
neigh’bors 
high’school 
fac’to ry 


Nouns are often used in the possessive form to denote pos- 


session over some person, place, or thing. 


In the singular 


number of a noun, the apostrophe and s (’s) are added to denote 


possession. 


If the plural form of a noun ends in s, the apos- 


trophe alone is added; but if the plural form does not end in s, 
the apostrophe and s (’s) are added. 


SINGULAR 
The girl’s doll 
The child’s excuse 
That he’ro’s story 
A man’s mother 
The ba’by’s clothes 
The wom’an’s work 


SINGULAR 
rob’in’s 
fish’s 
broth’er’s 
gi/ant’s 


PLURAL 
rob’ins’ 
fish’es’ 


broth’ers’ 


gi’ants”’ 


PLURAL 


The girls’ dolls 

The chil'dren’s excuses 
Those he’roes’ stories 
Men’s mothers 

The ba’bies’ clothes 
The wom’en’s work 


SINGULAR 


la'dy’s 


calf’s 


goose’s 


ox’s 


PLURAL 
la’dies’ 
calves’ 
geese’s 
ox’en’s 
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ac’tor’s 
com’rade’s 
horse’s 


per’son 
mis’er 
fe’ver 

ver’ dict 
pas’tel 

ser e nade’ 
strag’gler 
fer ment’ 


fés toon’ 
Hes’sian 
sel’dom 
fem‘i nine 
ven'i son 


loi’ter 
toi‘let 
poi’son 
coin’age 
ap point’ 
poign’ant 


cowl 
prowl 
clown 
crown 
drown 
chow’der 
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ac’tors’ wife’s 
com’rades’ deer’s 
hors’es’ mouse’s 
92 
nib’bler ru’mor 
fi'er y visor 
ser’mon lan’guor 
her’mit tre’mor 
ver’bal hor’ror 
in trud’er fer’vor 
glad’i a tor pre cep’tor 
e qua’tor splen’dor 


93—e SHORT, AS IN end 


sén’a tor in féc’tious 
cel’i bate rep’ro bate 
cen’ti ped stren’u ous 
des’ig nate des’po tism 
read’i ly sen’si ble 
94 
in’voice al loy’ 
re joice’ coy’ly 
mois’ture roy’al ty 
oint’ment an noy’ 
em broid’er de coy’ 
hoi’ty-toi’ty em ploy’ 
95 
crowd rouse 
bow’er shout 
dow’er crouch 
cow’ard mound 
drow’sy flounce 
down'cast cloud’y 


§ 16 


wives’ 
deer’s 
mice’s 


vir’gin 
fir’kin 

e lix’ir 
thirst’y 
fur’ri er 
sur’geon 
hur rah’ 
tur’bu lent 


mén’ace 
emis sa ry 
im pet’u ous 
des’ti tute 
po ten’tial 


roy’al ly 
toy’shop 
boy’ish 
boy’cott er 
foy’er 
buoy’ant 


de vour’ 
foun’dry 
scoun’drel 
com’pound 
pro nounce’ 
boun’ti ful 


=e a 


§ 16 


ee] 
cod 
carp 
perch 
bass 
squid 


rec’i pe 
sher’bet 
vict’uals 
gro’cer y 
es’sence 
sa’vor y 
ed’i ble 


mar’shal, an officer; to 
direct, guide, or lead 6 { berth, a sleeping place ina 
ship or in a railway car 


mar’tial, warlike; of, or 


SPELLING 
_ LESSON 3 
96—FISH 
trout dol’phin 
pike sar’dine 
shark had’dock 
shad suck’er 
smelt min’now 
salm’on saw’ fish 
97—FOOD AND EATING 
ap’pe tite stim’u lant 
pro vi’sions suc’co tash 
di ges’tion mac a roons 
beef’steak mac a ro/ni 
glut’ton y lem on ade’ 
ep’i cure nour’ish ment 
fes’ti val spa ghet’ti 


98—_HOMONYMS 


pertaining to, war 


ereat’er, larger 
4 } grat’er, a tool for rubbing 


off small particles 


coun’cil, an assembly of 9 
persons convened for 
consultation 

counsel, one who gives ad- 
vice in legal matters; to 10 
admonish or instruct 


serf, a servant; a slave i 
surf, the swell of the sea 


can’non, a great gun 
can’on, a rule of law 8 


less 


a nut 


cru’el, unkind 
crew’el, a soft yarn - 
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her’ring 
mack’er el 
pick’er el 
stur’geon 
hal’i but 
tor pe’do 


pal’a ta ble 
vo ra’cious 
rav’en ous 
gor’man dize 
ca’ter ing 
bev’er age 
ban’quet ing 


birth, coming to life 


less’en, to make or become 


les’son, that which is learned 
or taught 


colo’nel, an army officer 
ker’nel, the central part of 


ce’re al, edible grain 
se’rial, a publication ap- 
pearing in a series 
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Write the sentences that follow, and in place of each number 
enclosed in marks of parenthesis write the correct word, selecting 
this word from the group numbered the same as the number 
enclosed. 


(a) The (9) ordered the men to move the (3) to higher ground. 

(b) The city (5) met and decided many important matters. 

(c) Do you enjoy bathing in the (2)? 

(d) The (1) endeavored to prevent the crowd from entering the 
building. 

(ec) What means this (1) array? 

(f) The sale of (10)s is growing (4) every year. 

(zg) Wil you engage an upper (6) for me? 

(h) Many Mexicans are very (7) to their (2)s. 

(i) That (10) has been appearing in the magazines for several 
months. 

(Gj) You should engage Hon. Mr. Brown as your (5). 

(k) This (8) is not very difficult. 

(1) The manufacturers violate many (3)s. 


99—TERMS USED IN BUILDING 


build’ing col’umn bal us trade’ bun’ga low 
mor’tar ma’son ry el e va’tion sta bil’i ty 
gird’ers fire’proof ves’ti bule sanct’u a ry 
struc’ture Goth’ic par ti’tion tab’er na cle 
flag’stones res’i dence ca the’dral lav’a tory 
spli’cing E gyp’tian cor’ri dor col os se’um 
ce ment’ or’na ment ve ran’da ter’ra-cot ta 
con’crete di’a gram a but’ments ar’chi tec ture 


100—PLANTS 


bone’set mul'lein nar cis’sus glad io’lus 
dah’lia bur’dock lav’en der he’li o trope 
sor’rel cel’e ry a nem/’o ne nas tur’ti um 
plan’tain su’mac mignonette’ rho do den’dron 
chard a lys’sum ja pon’i ca pen ny roy’al 
li’chen daf’fo dil chic’o ry nec’tar ine 
jon’quil musk’melon ru ta ba’ga hy dran’ge a 


101—GEMS AND PRECIOUS STONES 


pearl ber’yl cam/e o sap’phire 
o’pal to’paz cat’s’-eye em’er ald 


ru’by 
gar’net 
ag’ate 


pros’per ous 
rec’og nize 
ref’er a ble 
vig’i lance ~ 
wil’der ness 
de bil’i ty 
dis as’ter 
plau’si ble 


fidrd 

tor’pid 
hor’net 
dor’sal 
es cort’ 
form’al 
thorn’y 


qui’nine 
cam’phor 
ar’se nic 
cre’o sote 
ar’ni ca 
cal’o mel 
hore’hound 
al’co hol 
co’ca ine 


chemist 
or’a tor 
states’man 
lin’guist 
sci’en tist 


SPELLING 
o/nyx blood’stone 
cor’al ; moon’stone 
jas’ per tur quoise’ 
102 
su per’la tive cu’ri ous 
un spot’ted ver’ti go 
re tire’ment knav’er y 
in hab’i tants val’'u a ble 
path olog’ical aux il’ia ry 
di min‘ish me] o’de on 
vig’or ous cor’du roy 


philan’thro pist in trin’sic 


103— AS IN orb 


land’lérd for’mu la 
horn’blende gor’mand 
short’age horse’man 
hail’/storm dis gorge’ 
for’tune im mor’tal 
green’horn or’gan ism 
dor’mant e nor’mi ty 


104—MEDICINES 


lau’da num 
glyc’er ine 
sas’sa fras 

par e gor’ic 
strych’/nine 
chlo’ro form 
am mo’nia 
pep’per mint 
cop’per as 

105—VOCATIONS 


phar’ma cist 
cler’gy man 
mu si’cian 
man’i cure 
phys’i cist 
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di’a mond 
am’e thyst 
car nel’ian 


ob’sti na cy 
ret’i cent 

tre men’dous 
re sus’ci tate 
pen/’ni less 

ac cel’er ate 
ar is toc’ra cy 
os’tra cism 


ex 6r’bi tant 
for’fei ture 

in dorse’ment 
sub or’di nate 
for’ti tude 
hor’ti cul ture 
ex traor’di na ry 


bel la don’na 
sar sa pa ril’la 
mer’cu ry 
iod’o form 
win’ter green 
eu ca lyp’tus 
as a fet’i da 
sac’cha rine 
dig i ta’lis 


sten og’ra pher 
so lic’it or 

te leg’ra pher 

e van’ gel ist 

re vi'val ist 
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dai’ry man chor’is ter el o cu’tion ist 
drafts’man op ti’cian as tron’o mer 
oc’u list bot’a nist gram ma’ri an 


106—g SOFT, AS IN gem 


a’ged lodg’ment in dul’gent con ta’gious 
gen’der herb’age gen’er ate in fringe’ment 
le’gion ges’ture har’bin ger gen til’i ty 
ag’ile mar’gin trag’e dy re lig’ious 
din’gy syringe dil’i gent mag’is trate 
gyp’sy dun’geon gen’u ine ger’mi nate 
stin’gy knowl’edge o rig’i nal ger’mi cide 


107—PLURALS 


Write the plural form of each of the following nouns: 


coach jock’ey vol ca’no bul’rush 
con’cert cav/al ry for’mu la buf’fa lo 
fai’ry mat’tress dic’tion a ry har’ness 
sen’a tor man/’sion to ma’to min’is ter 
vic’to ry mu lat’to os’trich tor pe’do 
sandwich leg’a cy of’fi cer bat’ter y 


108—DISEASES" 


cough con sump’tion diph the’ri a 
col’ic neu ral’gia lar yn gi’tis 
mea’sles di ar rhe’a ap’o plex y 
asth’ma pneu mo’ni a jaun/dice 

ca tarrh’ er y sip’e las ep’i lep sy 
chol’er a rheu’ma tism hy dro pho’bia 
scrof’u la in flu en’za flat’u lence 
bron chi’tis hys ter’ics ul cer a’tion 


109—HOMONYMS 


mus’sel, shell fish ex’er cise, to set in action 
1 \ mus’cle, az-organ of the 3 4 ex’orcise, to drive out evil 
body spirits 


9 met’al, cron; gold; etc. 4 climb, to go up 
met’tle, spirit; courage clime, region 
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serge, a kind of cloth cym’bal, a musical instru- 
surge, to rise; toswell; a 8 ment 
swelling wave sym’bol, a sign 


5 


gilt, adorned with gold 
guilt, crime; sin 


6 


prin’ci ple, rule of action 
mi’nor, one under age 
cur’rant, frudt 10; mi’ner, one who works ina 
cur’rent, a stream mine 


| prin’ci pal, chief 
a 


Write the sentences that follow, and in place of each number 
enclosed in marks of parenthesis write the correct word, selecting 
this word from the homonyms numbered the same as the num- 


ber enclosed. 


(a) The (10) found that using the pick developed his (1)s. 

(b) At first, we floated with the (7). 

(c) You should (8) every day if you expect to (4) those moun- 
tains. 

(d) Her dress was made of (5) and was trimmed with (9) braid. 

(e) A (10) cannot vote. 

(f) The (8) was played by a girl dressed in Spanish costume. 

(g) Grasp it like a man of (2), 

(4) Heis aman of good (6)s. 

(2) The (7)s did not ripen. 

(7) We found many (1)s in the gulf. 


110 
ac crue’ a thwart’ con’quer ath’lete 
a chieve’ vict’uals pag’eant fau’cet 
a ghast’ cro chet’ al’oes cal'lous 
greas’y bou quet’ anx’ious bur’glar 
ca det’ bru nette’ brig’and dul’cet 
con geal’ yeo’man pic/nic daunt’less 
fid’dle mu’tu al dic’tate fa tal’i ty 
villas unc’tion cri’sis rit’u al 
lik’a ble thwart’ed tex’ture ~ no’bod y 

| 111—ANIMALS 

boar bi’son badg’er por’cu pine 
goat li’on al pac’a kan ga roo’ 


deer cam’el 4? hy e/na jag’uar 
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wolf ot’ter pan’ther el’e phant 

moose mon’key squir’rel an’te lope 
rab’bit gi raffe’ buf’fa lo croc’o dile 
rein’deer wea’sel go ril’la rhi noc’e ros 
er’mine go’pher cham’ois drom’e da ry 
bea’ver ser’pent leop’ard hip po pot’a mus 
zebra rac coon’ ti’ ger. ar ma dil’lo 


112—a SHORT, AS IN am 


sid’dle lav’ish scan’ty chap’er on 
glad'ly tan’gle ram’ble ham’‘mock 
stag’ ger can’cer prac’tice baf’fle 
nar’tow fath’om pal’ette pad’lock 
gal’lon pat’ent brack’et grat’i tude 
fab’ric dan’druff grav'i ty fab’u lous 
gath’er ex act’ly es tab’lish mat’ri mo ny 


113—HISTORY 


writs bul’let strat’a gem in de pend’ent 
re sist’ pow’ der al li’ance dec la ra’tion 

. mobbed rampart as sembly ca lam'i ty 
war’rant car’tridge pro hib’it vol un teer’ 
un‘ion pa’tri ot tax a’tion e vac’u ate 
ep’och re pealed’ tyr’an ny rev 0 lu’tion 
hos’tage col’o nize op pres’sion _ al le’giance 
re doubt’ lib’er ty rep re sent’ gov’ern ment 


114—MILITARY TERMS 


sol/dier pla toon’ sen’try siege 

com’pa ny bat tal’ion pick’et sut’ler 

reg’i ment sword u’ni form re cruit’ 

bri gade’ sa/ber knap’sack aid’-de-camp 
di vi’sion bay’o net can teen’ gar’ri son 
corps pis’ tol ep’au let coun’ter sign 
in’fan try car’bine ar’mis tice court-mar’tial 
cav’al ry mus’ket cais’son am mu ni’tion 
ar til’ler y ri’'fle biv’ou ac for ti fi ca’tion 


or’der ly can’non hav’er sack _—_— in trench’ment 


§ 16 


dai’ly 
morn’ing 
proof 

sem 1 week’ly 
week'ly 

bi monthly 
month’ly | 
ex chang’es 
e di’tion 
pro pri’e tor 
pub/lish er 
print’er 
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115—NEWSPAPER TERMS 


‘ 


116—WORDS 
1 ac cept’, to take 


ex cept’, to leave out 


ad vice’, counsel 


ad vise’, to give counsel 


at tend’ance, the persons 5 


ed’i tor 

journal ist 

con trib’u tor 

re port’er 

cor re spond’ent 
sub scrib’er 

ad ver ti’ser 
car’ri er 

news’ boy 

ex’tra 

ty po graph’ic al 
lin’o type 
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ed i to’ri al 
lead’er 

ar’ti cle 
i/tem 

lo’cal 

tel’e grams 
no’tic es 
gos’sip 

fi nan’cial 

a muse’ments 
com pos’i tor 
mon’o type 


LIABLE TO BE CONFOUNDED 


who attend any services, etc. 


tc. 
3 é 


at tend’ants, those who 


for’mer ly, time past 
form’al ly, 7n a formal way 


sta’tion a ry, fixed 
sta’tioner y, paper, pens, 


attend as servants, com- 6 pop’u lous, full of people 
pop’u lace, the people 


panions, etc. 


Write the following sentences, and in place of the numbers 
enclosed in marks of parenthesis use the correct word from the 
group of words numbered the same as the number enclosed. 


(a) 
(b) 
(c) 
(d) 
(e) 
(f) 
(g) 
(h) 
(i) 
() 


China is a (6) country. 

Will you (1) my (2)? 

The king had many brave (8). 
The (6) swarmed in the streets. 


A (5) engine drew the car to the top of the hill. 


The (3) was large at every lecture (1) the first. 
That (5) is of an excellent quality. 

The meeting was (4) opened by the president. 
(4) buffaloes roamed over the Great Plains. 


Your father will (2) you concerning the matter. 
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i’ci cle 
cu’ti cle 
mir’a cle 
bi’cy cle 
ve’hi cle 
clav’i cle 
trea’cle 
ves'i cle 
pin’na cle 


truth 
hon’/or 
met’cy 
pa’tience 
fe’al ty 
loy’al ty 
hon’es ty 


en’gine 
dan’ger 
pi'lot 
switch 
sig/nal 
pis’ton 
boil’er 
fire’man 


whist 
chess 
craps 
quoits 
dice 
golf 
bowls 
ten’nis 


§ 16 


pe ri od’ic al 

i den’tic al 
crit’ic al 
cler’ic al 
cyn’ic al 

ec o nomic al 
spher’ic al 
quiz’zic al 


SPELLING 
117—WORDS ENDING IN cle OR cal 

ob’sta cle sur’gi cal 
par’ti cle op’tic al 
pe dun’cle clas’sic al 
man’a cle comic al 
spec’ta cle mag’ic al 
bar’na cle med’ic al 
ven’tri cle prac’ti cal 
car’bun cle trag’ic al 
tu’ber cle iron’ic al 


118—PERSONAL QUALITIES 


sa gaci ty treach’er y 
sanc’ti ty cow’ard ice 
hu mil’i ty ret’i cence 
her’o ism lo quac’i ty 
sto’l cism in’no cence 
fe roc’i ty par’si mo ny 
du plic’i ty conscience 
119—RAILWAY 
road’bed ex haust’ 
brake’man traf’fic 
wreck air’/brake 
safe’ty throt’tle 
bag’gage pas’sen ger 
cau’tion au to mat’ic 
rail/road con duc’tor 
sched’ule in jec’tor 
120—GAMES 
eu’chre po’lo 
po’ker check’ers 
pi quet’ draughts 
hock’ey back’gam mon 
crick’et base’ball 
bil’liards basket ball 
lot’to rou lette’ 
pi’noc le leap’frog 


rad’i cal 


te mer’i ty 

pre sump’tion 
ar’ro gance 
fas ci na’tion 
com pla’cen cy 
ge ni al’i ty 
dif’fi dence 


cyl’in der 

ec cen’tric 
en gi neer’ 
col li’sion 
ac’ci dent 

lo co mo’tive 
de rail’/ment 
e mer’gen cy 


pa chi’si 
foot’ball 
cro quet’ 
crib’bage 
sol i taire’ 
bac.ca rat’ 
curl/ing 
domi noes 
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121—2 SHORT, AS IN ill 


agile thim’ble crev’ice fid’get 
vivid ac'tive im/age res’ pite 
doc’ile fes’ tive jus’ tice fi del’i ty 
hos’ tile vi'cious den’tist ad he’sive 
mis’sile vic’ tim ser’vice doc’trine 
vig’ il rep’tile rig’or ous vi cin’i ty 
rig’id . prin’cess vis'i tor ging’ham 
gui tar’ spir’it di gest’ive crim’i nal 


122—SYNONYMS 

An important class of words in the English language is known 
as synonyms, which are words having almost the same mean- 
ings, but differing somewhat in the application of these 
meanings. A thorough understanding of the slight differences 
in the meanings of synonymous terms is essential if a person 
desires to express his ideas clearly, as each one of: several 
synonyms conveys a slightly different impression to the mind 
than the others do, or is-a more fitting descriptive term for some 
word than it is for any other. For example, the words indus- 
trious, busy, and diligent are synonymous terms, yet the mean- 
ing of each one of these words is such that it may be used where 
the other terms would not express the intended thought. IJndus- 
trious implies constant application to any work or business. 
Busy applies to an activity that may be only temporary, 
while industrious refers to a habit of life. Dzligent refers to 
the employment of oneself about a particular favorite object 
and implies free exercise of the mental, as well as the physical, 
powers. We may say, The man 1s busy just now, but not, 
The man is industrious just now. When we say, She is an 
industrious woman, we mean that she applies herself to her 
work at all times. Dzuligent shows its meaning in the sentence, 
Mary ts a diligent student. 

From these examples it can readily be seen that synonyms 
serve a twofold purpose. A knowledge of them helps a person 
to express himself clearly and concisely and enables him to 
avoid repetition in his expression. If one knows several words 
that express nearly the same idea, one will not have to repeat the 
same term several times in, asentence or in a paragraph. 

ILT 300—34 
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It should be the aim of every person to familiarize himself 
with words that will express his meaning clearly and effectively. 
One way of accomplishing this is to make a careful study of 
synonymous terms. A book of synonyms is especially helpful 
in study along this line, and a dictionary also aids to a great 
extent if it is used frequently and properly. 

In the study of the exercises on synonyms the spelling of the 
words should be learned first. When this is understood, the 
meanings of the words should be taken into consideration. 
Since many of these words have more than one meaning, a 
dictionary should be consulted very frequently and the various 
meanings noted. 


pret’ty mer’ry schol’ar free’dom 
hand’some jol'ly stu’dent lib’er ty 
splen’did hap’ py pu’pil li’cense 
ster’ile for lorn’ loft’y dis cov’er 
bar’ren lone’some sub lime’ in vent’ 
123—THE FARM 
ma nure’ scythe ar’a ble gran’a ry 
ni’trate har’row till’a ble corn’crib 
phos’ phate reap’er cul’ti vate grind’stone 
gua’no thrash’er ir’ri gate dai’ry ing 
gyp’sum wag’on fer’ti lize reap’ing 
pot’ash clay’ey hoe’ing plow’ing 
compost bog’ gy har’vest sowing 
124—DISEASES 
croup grippe di a be’tes 
cramp ra’bi es dys pep’si a 
pal’sy lep’ro sy de lir’i um 
drop’sy cho re’a ma la’ria 
ab’scess ec’ze ma cat’a ract 
ear’ache neu ri’tis in som’ni a 
head’ache nau’se a tu ber cu lo’sis 
ver’ti go lum ba’go men in gi’tis 
hic’cough pleu’ri sy hem’or rhoids 
ty’phoid tooth’ache ton sil li’tis 
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suffer 
un pack’ 
rub’ber 
cur’rant 
hun’gry 
shudder 


ap prise’ 
flo til’la 
suf’fer ance 
par’a dise 
per’qui site 
pe ruse’ 
ut’ter ance 
variety 


cow’ard 
cut’ler y 
com plete’ 
lu’cre 
oc’cu pant 


ehron’‘ic 
chemist 
Chris’tian 
ech’oes 


gen’er ous 
lib’er al 
boun’ti ful 
hap’pi ness 
fe lic’i ty 
rap’ture 
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125—u SHORT, AS IN up 


culprits re ltic’tant 
tough’én cudg’el 
shut’fle un pleas’ant 
in dulge’ vul’ner a ble 
huck’ster re duc’tion 
trou’ble in cul’cate 
126 
can’on ize res’o nant 
con cise’ pil’grim age 
per ni’cious in vin’ci ble 
tend’en cy per sist’ent 
per’ti nent per’pe trate 
fu’si ble il lu’mi nate 
Pu’ri tan fore tell’ 
hin’dered ly ce’um 
127—< HARD, LIKE k 
eom’rade elev’is 
cour’age Cal’va ry 
cos‘tume cour’te sy 
e clip’tic noc tur’nal 
en. core’ rec’ti fy 


128—eh HARD, LIKE & 


eho’rus ehar’ac ter 

cho’ral chemi cal 

christen mech’an ism 

cho’roid me chan’ic 
129 

po lite’ fru’gal 

re fined’ thrift’y 

cul’tured saving 

rich’es prod’i gal 

for’tune waste’ ful 


op’u lence-* ex trav’a gant 
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in dtil’gence 
hus’ki ness 

in cum’bent 
pul’ver ize 
sub junc’tive 
de struc’ti ble 


aus tere’ly 

in fat’u ate 

u biq’ui tous 
un but’toned 
as sim’ i late 
a cid’i ty 
more o’ver 
con’se quence 


de eo’rum 

e con’o my 
dec’o rate 
la con‘ic 

en com’pass 


ehron’i cle 
lach’ry mal 
tech’nic al 
chrys’a lis 


fan’ci ful 
gro tesque’ 
lu’di crous 


oe} 
anxiety 
con cern’ 
worry 


38 
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130—REVIECW OF DIACRITICAL MARKS 
in gé nai’i ty rév’é nfie 


éx préss’ive 
éx té’ri or 

di lém’/ma 
dé scénd’ant 
guard’i an 
ac cél’ér ate 


polls 
votes 
booth 

re turns’ 
cau’cus 
bal’lot 
bor’ough 
of fi’cials 
ru’mor 


tor’tured 
sub/urb 
out’skirts 
dawn’ing 
con tri’vance 
san‘i ta ry 
su per se’ded 
in ces’sant 
mer cu’ri al 


French 
Greek 
Welsh 
Dutch 
Lat’in 
Eng’lish 
Da’nish 
Ger’man 


6c’td ptis 
bot’a nist 
in t6x’i cate 
Ob’sti na cy 
ré cép’ta cle 


131—WORDS USED 
in au gu ra’tion 


a mend’ment 


del’e gates chal’lenge 
pol i ti’cian as sem’blage 
af firm’a tive tax’a ble 
con’gress man treas’ur y 
mu nic’i pal ma jor‘'i ty 
pre lim’i na ry pro tect’or 
Re pub’lic ans Dem’‘o crats 
can’di da cy pre’cincts 
132 
au’di ence 


sump’tu ous ly 
en thu’si asm 
pros’per ous 
aman uen’sis 

in flu en’tial 

sen sa’tion al ism 
grat i fi ca’tion 


lu’bri cate 

188—NAMES OF LANGUAGES 
Span’ish Celt’ic 
Swe’dish Gael’ic 
Chi nese’ Slo vak’ 
-Rus’sian Ar’a bic 
Po’lish San/scrit 
Fin‘nish Ar me’ni an 
Mag’yar Sla von'ic 
He’ brew Jap an ese’ 


AT ELECTIONS 


ré tal’i ate 
san i ta’ri im 
cén’gré gate 
é nér’motis 
con séc’a tive 


par tic’i pants 
ri'val ry 

mi nor’i ty 

ex clu’sive ly 
e lect’ors 
candi date 
ap point’ment 
Pro gress’ives 
non-par’tisan 


de sir’a ble 

o rig’i nate 

lo cal’i ty 
cit’i fied 
mag’ni tude 
com mu’ni ty 
mys te’ri ous 
ex u’ber ant 
rec’ti tude 


Por’tu guese 
Hun ga’ri an 
Nor we’gi an 
Ha wai’ian 
Ser’vi an 

E gyp’tian 
Bo he’mi an 
Hin du sta/ni 


§ 16 


SPELLING 


134—BUSINESS TERMS 


freight a’gen cy, ref er ee’ 

ledg’er auc’ tion val u a’tion 

leas’es break’age stock’hold er 

pan‘ic bri ber y com’pa ny 

cou’pons div’i dend dam’aged 

ex pense’ draw’er in stal’ment 

re bates’ draw ee’ de pos’i tor 

leak’age em ploy ee’ in’ven to ry 

boy’cott e quip’ment or’gan ize 

dis’count in dict’‘ment  cap‘i tal ize 
135—GEOGRAPHICAL TERMS 

Hol’yoke Los An’ge les 

E liz’a beth Val pa rai’so 

Read’ing Hon 0 lu’lu 

Syr’a cuse _ Fili pi’nos 

O’ma ha Por’to Ri’co 

Se at’tle Ha wai'i 

Pas a de’na Man i to’ba 

Sa van’/nah Ad i ron’dack 

Wich’i ta Ok la ho’ma 


Fond du Lac’ 


Tal la has’see 


136—HOMON YMS 


break, to part by force 
brake, a fern; for stop- 
ping wheels 
week, seven days 
weak, feeble 
waist, part of the body 
waste, a desert; to squan- 
der 


piece, a part; a composi- 
tion 
peace, quiet a? 
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in dorse’ment 
in dus’tri al 
com pet’i tor 
as sign’ment 
ac cept’ance 
auc tion eer’ 
eq’ui ta ble 
bank’rupt cy 
in junc’tion 
cor po ration 


An tie’tam 


Get’tys burg 
Charles’ton 
Car ib be’an 
Car pa’thi an 
Phil a delphi a 
Yo semi te 

Ab ys sin/ia 
Beth’le hem 


Pe’ters burg 


K 


6 


rf 


8 


4 


| 
| 
| 


hail, frozen rain; to salute 
hale, healthy 


wait, to stay; to rest im 
patience 
weight, heaviness 


heel, part of the foot 
heal, cure 


peal, a loud sound 
peel, to strip off the skin; 
the skin or rind 
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Copy the sentences that follow, and in place of the numbers 
enclosed in marks of parenthesis use the correct word from the 
group of words having the same number as the number enclosed. 


(a) A (4) of banana (8) should not be thrown on the pavement. 

(6) The engine whistled ‘‘ Down (1)s.” 

(c) Learn to labor and to (6).—Longfellow. 

(d) The (8) of the church bells was heard by all. 

(e) (5) has fallen nearly every day this (2). 

(f) Let us have (4). 

(g) John is (5), but Henry is (2). 

(zh) Her dress was parted at the (8) and her shoes were down at 

the (7). 

(t) How did you (1) that machine? 

(j) What is your (6)? 

(k) You should not (3) your time nor your money. 

(2) This ointment will (7) that sore on your arm. 

LESSON 4 
137—u% LONG, AS IN use 
re dice’ sti’ cide mii’ti ny com mii’ni ty 
mu’sic use’less ju’bi lee lu’cra tive 
youth’ful de mure’ in cur’a ble du’pli cate 
pre sume’ Yule’tide cu’li na ry ves’ti bule 
us’age u’ni ty induce’‘ment U nita’rian 
cu’rate pu’ri fy u'til ize nutri ment 
stu’dent u’ ni verse hu’mor re cu’per ate 
138 

un just’ un just’ly re’al re’al ly 
lan’guid lan’guid ly meek meek’ ly 
se cure’ se cure’ly court court’ly 
se’ri ous se’ri ous ly an’nu al an’nu al ly 
spite’ful spite’ful ly in tent’ in tent’ly 
un u’su al un u’su al ly for’mer for’mer ly 
dread’ful dread’ful ly fre’quent fre’quent ly 
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139 

grief grievous pore po’rous 

joy joy’ous ” riot riot ous 

vice vicious glo’ry glo’ri ous 

stud’y stu’di ous dan’ger dan’ger ous 

la’bor la bo’ri ous mur’der mur’der ous 

in’dus try in dus’tri ous ma la’ria ma la’ri ous 

mis’chief mis’chie vous mal’ice ma li’cious 


140—WORDS 


pop’lar, a tree 
14 pop’ular, liked by the 


people 


9 rad'ish, a vegetable 
red’dish, somewhat red 


3 trea’ties, agreements 
trea’tise, a formal essay 


A def’er ence, respect 
dif’fer ence, disagreement 


LIABLE 


TO BE CONFOUNDED 


5 


pillar, a column for support 


pillow, a cushion 


ei’ther, one or the other of two 


anesthetic 


x 


plain’tiff, the complainant 


6 | e’ther, the upper air; an 


plain’tive, mournful 


ge’nus, class; kind; race 
8 4 gen’‘ius, a person of superior 


intellect 


Write the sentences that follow, selecting from the words 
enclosed in marks of parenthesis the one that makes sense in 


the sentence. 


(2) 
(0) 
(c) 
(d) 
~ ©) 
(f) 


(g) 
(h) 


(2) 


(i) 


That man with (radish, reddish) hair is a man of great 
(genus, genius), and is very (poplar, popular) with the 
officials. 

The Secretary of State signed many (treaties, treatise). 

The (deference, difference) between the (plaintiff, plaintive) 
and the defendant was soon adjusted. 

The (either, ether) was administered to the patient. 

You may give me a (radish, reddish). 

The (pillar, pillow) may be of (either, ether) marble or 
granite. 

She embroidered a beautiful (pillar, pillow) for me. 

You must write a (treaties, treatise) on the subject assigned 
to you. 

The white (poplar, popular) belongs to the (genus, genius) 
Populus. 

The (plaintiff, plaintive) notes of the birds were heard by 
all. qe! 
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141—PLURALS 


Many nouns that have been adopted from a foreign language 
retain their foreign plurals. 


SINGULAR PLURAL SINGULAR PLURAL 
ax’is ax’es er ra’tum er ra’ta 

ba’sis ba’ses ver'te bra ver’te bree 
da‘tum da’ta ter’mi nus ter’mi ni 
genus gen’e ra anal’y sis anal’y ses 
the’sis the’ses syn op’sis syn op’ses 
cri’sis cri’ses phe nom’e non phe nom’e na 
o’a sis o’a ses pa ren’the sis pa ren’the ses 
neb’u la neb’u lee hy poth’e sis hy poth’e ses 


142—PLURALS 


Some nouns adopted from a foreign language have two 


plural forms. 
make a plural by adding s or es. 


They retain their foreign plural and they also 


SINGULAR PLURAL SINGULAR PLURAL 
nee (Baath ban’dit tes dit’ti 
beaus ban'dits 
ap in’di ces for’mu le 
in’dex : for’mu la : 
in’dex es for’mu las 
fo! Sa, 
fo/cus t ie radius : 
fo’cus es ra‘di us es 
h i 1 
Popet: : er’u bim ead fies phim 
cher’ubs ser’aphs 
fun’ ‘di 
fun’gus | gt ap pen’dix ae ae = 
fun’gus es ap pen’dix es 
, mem o ran’d stra’ta 
mem o ran’dum : stra’tum ; 
mem o ran Dt stra‘tums 
/ / 
rostrum a: spec’u lum ane - 
ros’trums spec’u lums 
143 
pep’per “a gree’a ble spe cific ex pi ra’tion 
wor’ship pen’u ry def’i nite ma ter’nal 
grue’some rem’e dy pov’er ty pa ter’nal 
cam paign’ el/e ment ped’a gogue ped’i gree 
del’i cate gib’bous cow’ard ice e vap’o rate 


oe 
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ca’pa ble her’ald ry stu pid’i ty gon do lier’ 
im por’tant al’pha bet ‘ sen’si tive ex on’er ate 
pla’cate or gan‘ic pla card’ mim’ic ry 


144_ANTONYMS 


Antonyms are words directly opposed to each other in mean- 
ing. It is important for every one to be familiar with words 
of this kind, because a very effective method of defining terms 
is to tell what they do not denote nor signify. If a person has 
an understanding of antonyms, he will often be able to describe 
his ideas by means of contrasting terms or words that are 
opposite in meaning to those he would naturally select. In the 
exercises on antonyms, the correct spelling of the words should 
be learned first. Then attention should be paid to the con- 
trasting meanings of the words. 


true a gree’ cleanse near 
un’true dif’fer pol lute’ dis’tant 
sure ad mire’ calm sweet 
doubt’ful ab hor’ ag’i ta ted sour 
new hoard. gay a like’ 
old squan’der sad un like’ 
o’pen cause apart’ dry 
closed ef fect’ to geth’er moist 


145—PLURALS 


Write the plural form of each of the following words: 


es'say chim’ney spec’i men ca the’dral 
pulley mar’tyr physiol’o gy ed’dy 
flour’ish pro vi’so memoran’dum pha’e ton 
par’a graph _nar cis’sus farm’house pa’tron ess 
horse’man Es’ki mo del’i ca cy sec’re ta ry 
em bar’go nose’ gay con’so nant mas’sa cre 
ero’cus isth’mus ap pren’tice pa trol/man 
146 
flip’pant cav’al cade so ci ol’o gist 
blas pheme’ mu ti neer’ in can des’cent 


stam pede’ 


réfrig’er a tor 


wheel’bar row 


44 


mer’cer ized 
ter res’tri al 

u ni ver’si ty 
pre ca’ri ous 
be nev’o lence 
an ti sep’tic 
yacht’ing 


rob’ber y 
pi’ra cy 
ex tor’tion 
bur’gla ry 
cheating 
for’ger y 


churl’ish 

a lac’ri ty 
ac ces’si ble 
prec’i pice 
det’ri ment 
ar te’sian 
type’wri ter 
rival ry 


noi’sy 
flim’sy 
clum’sy 
her’e sy 
ec’sta sy 
jeal’ous y 
em’bas sy 


rag’time 
al’ka li 
mas seur’ 
mas seuse’ 
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spon ta’ne ous 
in cor’po rate 
Hu’gue not 

ne ces’si tate 
vac ci na’tion 
an’thra cite 


pu’ri fy ing - 
147—CRIMES 
man’slaugh ter big’a my 
maiming per’ju ry 
may’hem trea’son 
coun’ter feit lar’ce ny 
mur’der gam/‘ing 
as sault’ gambling 
148 
re cede’ en’vi ous 
stren’u ous ex ten’sion 
prox imi ty pur’pose 
ir rel’e vant de sir’ous 
thor’ough fare _— ex pect’an cy 
quar’rel some trus tees’ 
manu script vir’tu ous 


tor’tured 


149—WORDS ENDING IN 


au’top sy 
phan’ta sy 

a pos’ta sy 
proph’e sy 
con’tro ver sy 
hy poc’ri sy 
min’strel sy 


lis’ter ine 
mer’cer ize 
lin ge rie’ 
mu‘to scope 


mo not’o ny 


150 


§ 16 


con grat’u late 
mo nop’o lize 
e lec’tri cute 
in cen’di a ry 
ag’ri cul ture 
bi tu’mi nous 
al/tru ism 


poi’son ing 
bri’ber y 
kid’nap ing 
ab duc’tion 
swin’dle 
ar’son 


jeop’ard y 
guid’ance 
boule vard 
fa tigue’ 

re liev’ing 
ema’ci a ted 
fe lo’ni ous 
ap pli’an ces 


sy OR cy 
leg’a cy in’ti ma cy 
in’fan cy ac’cu ra cy 
de’cen cy del’i ca cy 
se’cre cy di plo’ma cy 
flu’en cy bril’lian cy 
va’can cy compe ten cy 
ur’gen cy e mer’gen cy 
in terne’ mon’o graph 
ad’e noid an es thet’ic 
mon’o plane dir’i gi ble 
eu gen’ics del i ca tes’sen 
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Box’er bi’o scope lev’ee hyp o der’mic 
suede sorority «  drain’age or tho pe’dics 
Yid'dish vac’u um crem’a to ry os’cil la tor 
neu'tral neu rit’ic e lect’or ate mon 0 lith’ic 
154 
ki net’ic vol’a tile con ven’tion 
aerated | graph’o type pe tro’le um 
a via’tion san i ta’tion pas teur 1 za’tion 
a’er o gram gym na’si um ca nal i za’tion 
a’er o dome con fet’ti re con cen tra’tion 
gy’ro plane path o genic o cean grey’hound 
a’er o plane tut’ti-frut’ti au to sug ges’tion 
a’via tor mim’e o graph car bo hy’drate 
wire’less man’‘i cure in sti tu’tion al 


152—WORDS SPELLED ALIKE BUT PRONOUNCED DIFFERENTLY 

Another class of words that present a little difficulty and that 
should, therefore, be studied thoughtfully are words that are 
spelled alike but that are pronounced differently and have 
different meanings. The difference in the pronunciation of 
these words is generally due to the placing of the accent. For 
instance, when the accent is placed on the first syllable of the 
word con’vert, this word refers to a person that has been con- 
verted from one belief or opinion to another. The placing of 
the accent on the last syllable of this word changes it to convert’, 
which means to change into another state. The following list 
contains a number of words of this kind with their meanings. 


con’tract, an agreement min’ute, s¢xty seconds 
1 { contract’, to draw to- 54 minute’, very small; very 
gether exact 
, 
a Corts a guard 6 ob’ject, purpose; thing 
es cort’, to accompany ob ject’, to oppose 


reb’el, one who revolts 


de sert’, merit; to forsake 7 ; : : 
re bel’, to rise up against 


ref’use, worthless remains 
re fuse’, to reject; to de- 8 | in’va lid, a stck person 


des’ert, a barren waste 
in val’id, of no force 


cline to do i? 
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Write the following sentences, and fill each blank space with 
a word selected from the preceding list. Mark the accent of 
this word. Thus, We drew up a for two years. We drew 
up a con'tract for two years. 


(a) Why did he his family? 

(6) Why do you —— to his company? 

(c) The is growing weaker every day. 

(d) Throw the in the garbage can. 

(e) I shall be ready in five S. 

(f) The boys frequently against their teacher. 
(g) A report was made. 

(h) We had an of fifty soldiers. 

(z) The willis because he failed to sign it. 

(j) Cold will cause iron to 
(k) We went so far in the 


that our guide ——d to go any 


farther. 
153—t AS IN sir 
thir’ty vir’tue cir’cu lar black’bird 
squir’rel mirth’ful thir teenth’ ta’pir 
stir’rup irk’some birth’day con firm’ 
cir’cus sir’up fir’ma ment ex’tir pate 
154—u AS IN wn 
ctir'few miir’mftir ttir’moil cfir’ren cy 
fur’ther’ nurs’ling jour’nal sur/name 
ur’chin fur’tive sut’ger y hur’dle 
pur’chase bur’den ex cur’sion dis burse’ 
155—THE FARM 
barn bar’row chick’ens bri’ers 
sta’ble hay’rake farm’house bri’dle 
pig’pen hay’mow mar’tin gale hay’cock 
pig’sty car’riage wind’row har’ness 
sic’kle gar’den har’row hames 
man’ger -en’si lage reap’er crup’per 
156—ANTONYMS 
rare exon’erate _fail’ure gen’er ous 
com’/mon con demn’ suc cess’ par simo’ni ous 


§ 16 


o bey’ 
dis o bey’ 
a’ged 
youth’ful 


ven’e rate 
dis hon’or 


number 
con’crete 
Ar’a bic 
fig’ures 
ci’pher 
per cent’ 
no ta’tion 
ad. di’tion 
ra'tio 
root 

rad'i cal 


ab’so lute 
des pot’ic 
ar’bi tra ry 
ty ran’nic al 


ease 
fa cil’i ty 
read’i ness 


kiln’-dried 
in ci’sive 

um brel’la 
dys’en ter y 
ag nos’tic 
meer’schaum 
mag’is trate 
land’scape 


SPELLING 
hon’es ty ab’sent 
du plicity, ~ pres’ent 
guilt’y ~ de stroy’ 
in’no cent con struct’ 
in te’ri or stub’born 
ex te’ri or yield’ing 


157—ARITHMETIC 


nu mer a’tion 
sub trac’tion 


di vi’sion 
dif’fer ence 
e qua’tion 
min’u end 
sub’tra hend 
re main’der 
bal’ance 

- in vo lu’tion 
ev 0 lu’tion 


158—_SYNON YMS 


busi’ness 
oc cu pa’tion 
pro fes’sion 


ca tas’tro phe 
ca lam‘i ty 
dis as’ter 


vo ca’tion mis for’tune 
con sole’ em/blem 
com/’fort sym'bol 
en cour’age to’ken 
159 

fu’mi gate black’mail 
a cous’tics a cet’y lene 
bev’er age sanct’u ary 
po lyg’a my chi rop’o dist 
or ange ade’ fla’grant 
nup’tials con ge’ni al 
dis’ci pline brick’kiln 

al’tru ist 


port’li ness . 
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ac’tive 
in’do lent 
em’i grate 
im’mi grate 
va’cant 

in hab’it ed 


math e mat’ic al 
di vi’sor 
quo’tient 
prod’uct 

mul ti pli ca’tion © 
mul’ti pli er 
mul'ti pli cand 
e qual’i ty 

e quiv’a lent 
di ag’o nal 

per im’e ter 


break 

de stroy’ 
frac’ture 
de mol’ish 


teach’er 
ed’u ca tor 
in struct’or 


ban dan’na 
pamphlet 
cat’er pil lar 
chrys’a lis 
con’fis cate 
guar an tee’ 
in sur’er 

O lym’pic 


SPELLING 


§ 16 


160—a AS IN arm 


48 

em balm’ dar’ling 
gar’nish ar’sen ic 
par’don farm’yard 
laughed har’vest 
har’di hood ar’ti cle 
mar’ble lar’der 
calm'ly ar’mor er 


161—WORDS LIABLE 
in gen‘ious, skilful 
in gen’u ous, honest 
jest’er, one who jests 
ges’ture, action 
lin’t ment, liquid ointment 

q 

lin’e a ment, a feature 
lose, to suffer loss 
loose, to untie 
pas’tor, a minister 
pas’ture, a field for catile 
pres’ence, the state of being present 
pres’ents, gifts 
pros’e cute, fo bring suit against 
per’se cute, to vex or afflict 
prec’e dent, an example 
pre ced’ence, superiority 
pres’i dent, chief magtstrate 
par ti’tion, division 
pe ti’tion, a request 


em bar’go mar’gin 
car bon’ic sparse’ly 
par’ti tive mar’ti net 
ar’ter ies father less 
par’ti ci ple bar’be cue 
har mo’ni ous far’sight ed 


car niv’o rous mar’tyr dom 


TO BE CONFOUNDED 
rel'ic, a memorial; a remnant 
rel’ict, a widow 

stat’ue, an image 

stat’ure, height 

stat’ute, a law 

sur’plus, the remainder 

sur’plice, clergyman’s robe 
se’ries, a succession 

se’ri ous, solemn 

spe’cies, a kind; a variety 
specious, plausible 

track, a footprint; a beaten path 
tract, a region 

ten’ure, manner of holding land 
ten’or, part in music 

ve rac’i ty, truthfulness 

vo rac’i ty, greediness 


which, a pronoun 
witch, a sorceress 


162 
ab’sence _ lin’guist glob’ule la pel’ 
at’om cleat griz/zly fag’ot 
bar’gain clev’er haz’ard lag’gard 
but’ton e clipse’ hu’mor loz’enge 
cat’kin en cir’cle jock’ey per spire’ 


$16 


glut’ton 
eye’let 


change 
charge 
trace 
no’ tice 
ser’vice 


cham’ber 
chap’el 
dis patch’ 
chil’blains 
char’i ty 


char’ter 
spear 
wig’wam 
wam/pum 
moc’ca sin 
tom’a hawk 


kale 
beet 
bean 
cress 
garlic 


monk 
murmur 
mys’ter y 
par’a ble 
par’cel 
mes’sage 
language 
make’shift 


SPELLING 
fa tigue’ graph’ic al 
mar’tyc , naph’tha 
4 163 

change’a ble man’age 
charge’a ble mar’riage 
trace’a ble for get’ 
no’tice a ble pre fer’ 
ser’vice a ble a vail’ 


chas’ti ty 
chieftain 
en chant’ 
chal’ice 
dis charge’ 


164—ch UNMARKED, AS IN child 


satch’el 
chap’ter 
re touch’ 
charming 
a chieve’ 


165—HISTORY 


squaw 

pap poose’ 
war’ rior 
cal’u met 
dis cov’er y 
pi o neers’ 


scalped 
ship’wreck 
ex plore’ 
col’o ny 
per’ma nent 
nav’i ga tor 


166—VEGETABLES 


tur’nip 
rhu’/barb 
pars’nip 
cab’bage 
mush’room 


piv’ot 
part’ner 
phys’ic 
pious 
pi’ra cy 
pit’i ful 
mal treat’ 


icicle ys 


car’rot 
let’tuce 
pump’kin 
spin’ach 
to ma’to 
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pub’lic 
rum’mage 
skir’mish 
sol’emn 
spe’cie 
stam/mer 
tor’ture 
ag’i tate 
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fer’rule 
poul’tice 


man/age a ble 
mar’riage a ble 
for get’a ble 
pref’er a ble 

a vail’a ble 


choc’o late 
re trench’ 
chair’man 
chal’lenge 
chan’cel lor 


wil/der ness 
suf’fer ing 
set’tle ment 
trea’ty 
per’se cute 
mas’sa cre 


cu’cum ber 
as par’a gus 
cau‘li flow er 
ege’plant 
rad’ish 


tas’sel 
trel’lis 
tus’sle 
weap’on 
wel’fare 
syringe 
car’a mel 
nec’es sa ry 
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moun tain eer’ 


im par’ tial 


in de fen’si ble 
dis po si’tion 


ce ler’i ty 

e nor’mous 
re cip’i ent 
ver mil’ion 
pen‘ni less 


mirth 
gay’e ty 
hi lar’i ty 
soothe 

al le’vi ate 
mit’i gate 


i’dle 
spider 
prior 
rip’en 
wri'ter 
re quire’ 


strict 
is’su ing 
di vulge’ 
in quir’y 
in cense’ 
get’ting 
mag’net 
phase 
fer’ry 
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sum’/moned 
fea’si ble 
ap pre hen’sion 


el’o quent 


ad van’ta ges 
com bi/ning 
sat is fac/to ry 
sa lu’ta to ry 
su per’flu ous 


169—SYNONYMS 

cha grin’ ban’quet 
vex a’tion fes’ti val 
an noy’ance ca rous’al 
talk’a tive em ‘i nent 
lo qua’cious re nowned’ 
gar’ru lous no to’ri ous 


170—27 LONG, 


i’dol ize 
fright’en 
brib’er y 
guile’less 
ho ri’zon 
re fined’ 


ear’li est 
com pels’ 
im mense’ 
mod’ern 
dis pel’ 
bulge 

re ly’ 

de nied’ 
se dan’ 


AS IN ice 


di’a logue 
de fi’ance 
al might’y 
hi’ber nate 
con dign’ 
po lite’ness 


ay Gi | 


thread 
for’feit 
im peach’ 
fierce 
con’sul 
cres’cent 
heav’y 
failed 
fe’line 


§ 16 
de signed’ 
mo not’on ous 
op’po site 


con cep’tion 
hes’/i tan cy 

un en light’ened 
com pel’ling 

dis ar range’ 

a vow’al 


ad’age 
prov’erb . 
max’im 
wa’ver 
vac'il late 
fluct’u ate 


no to ri’e ty 
ac climate 
egrind’stone 
por’cu pine 
sym’pa thize 
tri umph’ant 


peo’ple 
beg’ gar 
mar’ket 
village 
auc’tion 
por’tion 
con tain’ 
de vel’op 
road’ster 
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172—RELATING TO TIME 


hour au’tumn 
year win’ter “ 
week sum’/met 
month fore noon’ 
fall aft er noon’ 
spring e’ven ing 
sec’ond dec’ade 
min/ute ep’och 
in’stant sea’son 
dy’nas ty cap’il la ry 
cat’acombs es pe’cial ly 
ra vine’ in dis creet’ 
rou tine’ com’pe tent 
pau’ci ty ha rangue’ 
mi’cro scope phy sique’ 
ni’tro gen venge’ance 
clock’work rai‘ment 


174—WORDS SPELLED ALIKE 


prog’ress, advance 


1 } pro gress’, to go forward; 


to advance 
pres’ent, a gift 
2 { present’, to give; to in- 
troduce 
sub’ject, a topic 
3} sub ject’, to bring under 
control 
rec’ord, a register 
4 4 record’, to register; to 
make note of 
prod’uce, what ts yielded 
5 } produce’, to yield; to 
bring forth iin? 


ILT 300—35 


yearly 
an’nu al 
cen’tu ry 
fort’night 

bi en’ni al 
for ev’er 
al/ways 

im mor’tal 
tem’po ta ry 


173 
il lic’it 
re scind’ 
Af’ghan 
co logne’ 
conduit 
lam poon’ 
or’ches tra 
cor’ri dor 
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e ter’ni ty 

an tique’ 

per en’ni al 
per’ma nent 
ha bit’u al 
cal’en dar 
al’ma nac 
per pet’u al 
mo’men ta ry 


stat’u to ry 

pal’a din 

u ten’sil 

vi bra’tion 

ap par’el 
bric’-a-brac 

gel’a tine 

o le o mar’ga rine 


BUT PRONOUNCED DIFFERENTLY 


| 
7 
| 
| 


r 


from 


in’sult, an affront 
in sult’, to offer abuse 


con’flict, a struggle 


ex’ tract, 


con flict’, to be opposed 


per’mit, leave; warrant 
per mit’, to allow 


what is drawn 


ex tract’, to draw from 


con’duct, behavior 
con duct’, to lead 
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Write each of the foilowing sentences, and in place of the 


number 


enclosed in marks of parenthesis write the word that 


should be used. Select this word from the group having the 
same number as the number enclosed. Mark the accent of 
each word inserted. 


(a) Will you allow me to (2) my friend? 
(b) You may use the vanilla (9) for your cake. 
(c) ‘The boy’s (10) caused his mother to punish him. 
(d) She resented the (6). 
(e) You should (8) it to great pressure. 
(f) If I allow my pleasures to (7) with my studies, my (1) in 
that (3) will not be very rapid. 
(g) The (5) from their farm sells very readily. 
(h) These phonograph (4)s were a (2) from my father. 
(4) You must obtain a (8) from the superintendent before I 
can (10) you through the building. 
(j) The Civil War was a long, bloody (7). 
(k) They told him to (4) the votes. 
() That field will (5) a good crop of wheat if you will (8) me 
to use the proper fertilizers. 
(m) The dentist will (9) the tooth for you. 
(n) I£ you study, you will (1) in your lessons. 
(0) Why did you (6) him in such a manner? 
175—a AS IN ask 
ca reer’ ca ress’ blast’ed cig a rette’ 
graft’er in’fa my dis a gree’ im ma ture’ 
ma chine’ co ro’na rel’a tive in’fa mous 
draft’ing ten’a ble Ma don’na im/i ta ble 
176—a@ AS IN care 
fair’y scAre’crow char’i ly down’ stairs 
gar’ish de clare’ fare well’ deb o nair’ 
par’ents hair’brush dare’-dev il rare’ly 
hare’bell bare’ly scar’ci ty har’um-scar’um 
177—OCCUPATIONS 
la’bor er man’a ger elec tri’cian com pos’i tor 
in vent’or po lice’man ar’chi tect sur vey’or 
phy si’cian fire’man ac count’ant auc tion eer’ 
su per visor _ca’ter er book’keeper gau’ger 
sur’geon ma chin‘ist pro fessor pho tog’ra pher 
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manse 
ware’ house 
fac’tor ies 
a cad’e my 
boat’house 
are’na 
pris’on 


grat’i tude 
thank’ful ness 


cour’te sy 
po lite’ness 


ob nox’ious 
o’di ous 


Mis sow’ri 
Ten nes see’ 
Ha van’a 
Mil wau’kee 
Ma ni‘la 


rough’shod 
fals’i ty 
brev’i ty 
stu pid’i ty 
ma lig’ni ty 
fer til’i ty 
pen’u ry 

de cis’ion 
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178—BUILDINGS 
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tow’er light’house dor’mi to ry 
post’ of fice home’stead op’e ra house 
a sy’lum saw’mill con serv’a to ry 
mansion dwell’ing kin’der gar ten 
sem‘i na ry brew’er ies mon’as ter y 
par’son age li’bra ries cot’tage 
pal’ace rec’to ry ab’bey 
LESSON 5 
179—SYNONYMS 
friend’ly com pas’sion se clu’sion 
cor’dial sym’pa thy pri’va cy 
ri’val ry mod’es ty re sent’/ment 
com pe ti’tion dif’fi dence an imos’i ty 
down’cast grateful de cide’ 
de ject’ed thank’ful de ter’mine 
180—GEOGRAPHICAL NAMES 
Atch’i son Great Brit’ain Cay enne’ 
Del’a ware Chris’tendom Racine’ 
Nin’e veh Sac ra men’to Guin’ea 
Mis sis sip’pi Knox’ville A ra guay’ 
Euro pe’an Cali for’nia Vin cennes’ 
181 
scrim’mage vol’u ble 
ve’he mence rec’om pense 
fal’la cy ob scen’i ty 
ac tiv’i ty se ren’i ty 
mel’o dy ob liq’ui ty 
bra’ver y gen til’i ty 
loy’al ty an tiq/ui ty 


fat la’cious 


su prem’a cy 
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re call’ 
in’come: 
op’ tion 
fran’chise 
dead’lock 
tariff 
ses’sion 
suf’frage 


in’dus try 
mil’i tant 

de ben’ture 
in vest’ment 
a bate’ment 
syn'di cate 
ex emp’tion 
col/leagues 
mon op’o ly 


air’ship 
bat’tle ship 
mon’o rail 
li’ner 
snap’shot 
‘hook’worm 
vaude’ville 
put’ter 
tung’sten 
dry’ goods 


Jes’u it 
in’fi del 
kha’ki 

iro ny 

sar cas’tic 
fa nat’ic 
hand’i cap 
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182 
eco nomic 


rev’e nue 


an ti trust’ 
a mend’ment 


ar’bi trate 
op po’nent 
suf’fra gist 


suf fra gette’ 
183 
con ces’sion 
quo ta’tion 
re or’gan ize 
ag gres’sive 
ar’bi tra ry 
in her’it ance 
ex pend’i ture 
dev as ta’tion 
part’ner ship 
184 


Wels’bach 
Roent’gen 


ra’/di um 
Pas’teur 
so ro’sis 


Ca mor’ra 


raf’fia 
pa ja’mas 


mac ad’am 


ter’mi nal 


185 


sweet’heart 
ha’rem 


-au’di ence 


non cha lance’ 
gai’e ty 

mau so le’um 
men ag’e rie 


am bas’sa dor 


rat’tle snake 


en cy clo pe’dia 


vi cis’si tude 
ar ti fi’cial 
in ci den’tal 
sou brette’ 
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states’man ship 
re con struc’tion 
pro gres’sive 

po lit’i cal 

ad min is tra’tion 
pro tect’ive 

ref er en’dum 

in i'tia tive 


na’tion al ize 
com mer’cial ism 
pro tect’or ate 
ex pan’sion ist 
ex pan’sion ism 
com pe ti’ tion 
ex ploi ta’tion 
mil’i ta rism 
nat’u ral ize 


sub ma rine’ 
Ber til lon’ 

cra ven ette’ 
Fil i pi’no 

Mar co’ni 

mar co’ni gram 
an ti tox’ic 

os te op’a thist 
os te o path’ic 
ro tun’da 


con de scend’ 
in an’i mate 
pe cu/niary 
par tial’i ty 
fil’i bus ter 
fu’ri ous ly 
in au’gu rate 


§ 16 


nui’sance 
in her’ent 
com mit’ted 
dis hon’or 


F 


em bar’rass ment 


jour’nal ism 
shunned 

di vulg’es 
pro hib’it ive 


wrin’kle 
han’ker 
an’chor 
Yan’kee 
an’kle 
con’cord 
cinc’ture 


188—WORDS 


te na’cious 
pre co’cious 
fe ro’cious 
sa ga’cious 
au da’cious 
vo ra’cious 
a tro’cious 
aus pi’cious 


cer’tain 
un cer’tain 


cor rect’ 
de fect’ive 


com plete’ 
in’com plete 
pub’lic 
pri’vate 


187—n EQUIVALENT TO ng 


SPELLING 


186 


un.rea’son a ble 
in ter vene’ 

de liv’er ance 
ob’so lete 

sub merged’ 

dis sat’is fied 
con ceit’ed 
mem/bra nous 
blam’a ble 


crank’y punc’tu ate 
drink’er ran’cor ous 
func’tion sanc’tion 
drunk’ard don’key 
con’clave con’cu bine 
bank’rupt an’chor age 
con’course crank’i ness 


per ni’cious 
ca pri’cious 
de li’cious 
av ari’cious 
pug na’cious 


ENDING IN cious OR 


vex a’tious 
am bi’tious 
pro pi’tious 
in fec’ tious 
ex pe di’tious 


lus’cious nu tri’tious 
of fi’cious fa ce’tious 
vi va’cious os ten ta’tious 
189—ANTONYMS 
per’ fect learn’ed 
im per’fect ig’no rant 
pos’i tive fru gal’i ty 
hesita’ting liber al’ity 
un like’ har’mo ny 
un’i form dis’cord 
vig’i lant ab surd’ 
neg’ligent-’ —sen’si ble 


55 


hyp’o crite 

in tox’i cat ing 
in com pat’i ble 
er ro’ne ous 
mel’an chol y 
dis al low’ 
vying 

mys'tic al 
im’bec ile 


ban’quet 
sanc’ti fy 
punc tu al'i ty 
drink’a ble 
hand’ker chief 
dis junc’tive 
pro pin’qui ty 

tious 

sen ten’tious 

con ten’tious 

fic ti’tious 

fac ti’tious 

se di’tious 

con sci en’tious 

fla gi’tious 

fac’tious 


in’dus try 

in’do lence 
gar’ru lous 

ret’i cent 

ac quaint’ed 
un ac quaint’ed 
dain’ty 

clum’sy 
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190—_HOMON YMS 


Write the following sentences, selecting from the homonyms 
enclosed in marks of parenthesis the one that makes sense in 
the sentence in which it occurs. If you are uncertain about 
the meaning of any of these homonyms, look it up in a 
dictionary. 


(2) Better alone than in (bad, bade) company. 

(b) Time and (tied, tide) (weight, wait) for (no, know) man. 

(c) Where (there’s, theirs) a will, (there’s, theirs) always a 
(weigh, way). 

(d) Then he said, ‘Good (night, knight),” and with muffled 
(ore, oar, o’er) silently (rode, road, rowed) to the 
Charlestown shore.—Longfellow. 

(e) Will you help me (altar, alter) my (surge, serge) dress? 

(f) The men will (sheer, shear) the sheep. 

(g) He bought a slice of sirloin (stake, steak). 

(h) The dependent (claws, clause) in that sentence is used as 
an adjective. 

(t) |The man who walked (through, threw) the (gait, gate) had 
a very peculiar (gait, gate). 

Gj) Do you intend to (sew, sow, so) the grain today? 

(k) This medicine will (lesson, lessen) the pain. 

() We went on a visit to the (capitol, capital) of the United 
States. 

(m) ‘The (cellar, seller) of the house is made of concrete. 

(n) This (suite, sweet) is ten dollars per day. 

(0) These men were very (rood, rude) to that woman. 


191—ie OR ei 


bier ag grieve’ ceil’ing rein 

tier te lief’ de ceit’ reign 

mien shield de ceive’ weigh 

wield re trieve’ con ceive’ skein 

lien re prieve’ con ceit’ heinous 

niece mis’chief re ceipt’ o bei’sance 

siege sor’tie re ceive’ in veigh’ 

frieze ker’chief per ceive’ neigh’bor 
192—WORDS BEGINNING WITH per OR pur 

per form’ per se vere’ purge pur sue’ 

per plex’ per pet’u al pur’ port pur vey’ 


per suade’ per’co late pur’pose purs’er 
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per’jure 
per verse’ 
per vade’ 
per’fi dy 
per di’tion 
per son’i fy 
per ox’ide 


car’goes 
weight 
route 
leak’age 
ship’ping 
ton’nage 
ex press’ 


pleas’ant 
gos’ ling 
dis cern’ 
clum/sy 
pro pose’ 
mus’lin 
de vise’ 
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per’emp to ry pur suit’ 
per im’eter . pur vey’or 
per mis’si ble pur’ga to ry 
per’ma nent pur’chase 
per fo ra’tion pur loin’ 
‘per cep’ti ble pur’ple 
per’se cute pur’view 


193—TRANSPORTATION 
con sign ee’ 
re mit’tance 
trans mit’ted 


li’cense 
trans ferred’ 
vi'ce ver’sa 


in stal’/ment __leas’a ble 
a mount’ du’ti a ble 
ti’tle break’age 
ship’per ship’ment 
194—3 AS IN has 
na’sal phy sique’ 
vis’i ble gas’e ous 
po si’tion ob serv’ant 
resi dent com/’pro mise 
phys’ic al re sist’i ble 
res’o nant dis cern’ment 
u’su ry ad he’sion 
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pur’lieu 
pur su’a ble 
pur’ga tive 
pur su’ance 
pur’pose ly 
purs’Jain 
pur’blind 


des ti na’tion 
ex or’bi tant 
in’ter state 
con sign/ment 
val u a’tion 
com mer’cial 
rev’e nue 


mis’er a ble 

de ser’tion 
ar’tisan 

fea’si ble 

in quis’i tive 
meas’ure ment 
com’plai sant 


195—WORDS ENDING IN ence OR ance 


evi dence 
pa’tience 
con’fi dence 
ex ist’ence 
de pend’ence 
con’fer ence 
pre ced’ence 
ref’er ence 


lin’i ment 
lar’ynx 
vic’ tim 


in tel/li gence annoy’ance 
dif’fer ence a void’ance 
im’pu dence ap pear’ance 
con do’lence de fi’ance 


ac quaint’ance 
or’di nance 
tem’per ance 
ob serv’ance 


ret’i cence re sist’ance con triv’ance 
con cur’rence a bun/dance at tend’ance 
dil’i gence pet’u lance per se ver’ance 
re cur’rence con vey’ance dis turb’ance 
196—PERTAINING TO THE SICK 

cur’a tive phys‘ically alco hol’ic 
ail/ment fa tigu’ing ben e fi’cial 


stim’u lus. - con ta’gious con va les’cence 


58 


nursing 
cleaned 
liq’ue fy 


liege 
a’lien 

a dieu’ 
cli’ent 
pa’tient 
grievous 
spe’cie 
re trieve’ 


SPELLING 
liq/uor par’a lyzed 
suf’fer er fe’ver ish 


pes’ti lence 


symp’toms 


197—ie OR ei 


fiend’ish 
be siege’ 
bre vier’ 
friend’ship 
mes’siewrs 
e mol’lient 
chif fo nier’ 
re view’er 


seize 

feint 

‘deign 

sheik 

weird 

ei’der 

eis tedd’fod 
sei’zure 
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hem/or rhage 
heart’rend ing 
quar an tine’ 


lei’/sure 
for’eign 
heif’er 
for’feit 
en vei'gle 
heir’loom 
eight’een 
re veil’le 


198—WORDS ENDING IN able OR tle 


re ceiv’a ble 
hos’pi ta ble 
re spect’a ble 
im mov’a ble 
laud’a ble 
laugh’a ble 
com’pa ra ble 


Chris’to pher 
Char’lotte 
Daniel 
Ltalsan 
Bzitish 


vér’min 
im merse’ 
serv’ant 
ver’ dict 
way: 
mer’maid 
com/merce 


201—WORDS 


char’i ta ble 
trans fer’a ble 
pal’a ta ble 

in con sol’a ble 


el'i gi ble 

dis cern’i ble 
re vers‘i ble 
di gest’i ble 


in dis pen’sable  plau’si ble 

im prov’a ble in flex’i ble 

ter’mi na ble ed'i ble 
199 

Ben’ja min Cu’ban 

An nap’o lis Mar’ gar et 

Chris’tian ize Han’ni bal 


Eng’land 
Phil’ip pine 


Ken ne bec’ 
Ni ca ra’gua 


200—e¢ AS IN her 


fér’vor 
per spire’ 
con verge’ 
serf/dom 
a ver’sion 
nerv’ous 


ac cede’, to agree to 
ex ceed’, to go beyond 


per chance’ 
per suade’ 
search’ing 
pris’on er 
per’vi ous 
mer’cu ry 


gul’li ble 

in vin’ci ble 
in audi ble 
in fal’li ble 
col lect’i ble 
sus cep’ti ble 
ir re sist’i ble 


Cin cin na’ti 
Con nect’i cut 
Min ne so’ta 
Min ne ap’o lis 
Nar ra gan’ sett 


cér tif/i cate 
her’mit age 
mi’ser ly 

fer’ ti lize 
der’vish 
mer’chan dise 


LIABLE TO BE CONFOUNDED 


e lic’it, to draw out 
il lic'it, unlawful 
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af fect’, to act upon 

ef fect’, to accomplish 

ad di’tion, process of adding 
e di’tion, publication 

as say’, to test metals 

es say’, to attempt 

bal’lad, a song 

bal’lot, a vote 


close, to shut 
clothes, articles of dress 


cen’tu ry, hundred years 
sen’try, a sentinel 


cel’e ry, a vegetable 
sal’a ry, wages 


de scent’, a going down 
dis sent’, to disagree 
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emi nent, distinguished 
im’mi nent, threatening 


elude’, to escape 
allude’, to refer to 


erup’tion, a bursting forth 
ir rup’tion, an invasion 
em'l grate, to leave 

im’mi grate, to move into 


ex’er cise, to use 

ex’or cise, to drive away 
gla’cier, an ice field 

gla’zier, a glass setter 

go ril’la, a savage animal 
guer ril’la, an trregular soldier 
in cite’, to stir up 

in’sight, deep view 


202—WORDS ENDING IN ing 


Many persons fail to sound the g of words ending in ing. 
For this reason, each person who desires to enunciate his words 
clearly should watch his pronunciation of words of this kind. 
Each word in the following list should be pronounced aloud 


several times. 


play’ing call’ing spell’ing fall’ing 
buy’ing catch’ing read’ing eat/ing 
running cheat’ing writ’ing fly’ing 
ringing going draw’ing faint’ing 
dust’ing com’ing . drink’ing hur’ry ing 
box’ing trot’ting hur’dling du’el ing 
203 
pueb’lo sta tis’tics in vio late 
nu’cle us per’ish a ble fel’low ship 
ful/crum con cert’ed prob’i ty 
cu pid’i ty sym bol’ic Lab’ra dor 
mis no’mer niano’la ad va lo’rem 
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ap’a thy 

ar dent ly 
co los’sal 
ig’no min y 
poign’ant 


pe des’tri ans 
des pair’ing ly 
coun’te nance 
le git’1 mate ly 
vo lu’mi nous 
per func’to ry 
pat ron izing ly 
an ni ver’sa ry 


sta bil’ ty 

ma rooned’ 
grav’i ty 

com mut’er 
sal’a man der 
im prov’i dent 
at ti ficial 

col lab’o rate 
ap pa ri’tions 
ter’ri fy 


i den’ti fied 

in ter ven’tion 
ded'i ca ted 
Chris tian’i ty 
Mar’di gras 
mel o’di ous 
ex hi bi’tion 
noc tur’nal 
et’i quette 

sur viv’al 
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latch’key 
tap’es try 
in trigue’ 
fab’u lous 
out’raged 


204 
in cur’a ble 
for ti fi ca’tions 
pleas’ance 
wist’ful ly 
res’o nance 
wan’ton ly 
re por to’ri al 
prol e ta’ri at 


205 


sub ur’ban 

con stit’u en cy 
in sur rec’tion 
af fili a’tion 
lu’cra tive 

pre lim’i na ry 
dom i na’tion 
stu pen’dous 
cen’te na ry 
com po’/nent 


206 
fla min’go 

som bre’ro 
rough’ rid er 
vol’un ta ry 

fi na’le 

im peach’ment 
in ves ti ga/tion 
ca tas’tro phes 
cas’se role 
char’la tan 
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a troc’i ties 
hy’gi ene 
self-re li’ant 
nul’'li fy 

bel lig’er ents 


tu ber’cu lar 
pil’grim age 

be nig’nant 

in au’gu ral 

pro mul’gate 
am’‘ica bly 

an nex a’tion 
ma lev’o lent ly 


in dus’tri al 
spec u la’tion 
de sir a bili ty 
in’tri ca cies 
wain’scot ing 
dom i neer’ing 
un re mit’ting 
col lat’er al 
par’ti san 
mon’e ta ry 


con tem’po ra ry 
cen’sor ship 

ne go tia’tion 
sports’man ship 
self-con trol’ 

im pan’eled 
or’tho dox 
mel’an chol y 

se duc’ tive ness 
re ceiv’er ship 
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sup ple men’ta ry 
com mo’di ous 
nar’ra tive 
im’ple ment 

hy drau’lic 

ad journ’ment 


re gat’ta 
cruis’er 

o ce an’ic 
wa’ter course 
har’bor 
mar’i time 
nav i ga’tion 


es sen’tial 
as cend’ 
pro cure’ 
com mit’ 
de pend’ent 
plat’i tude 


ex er’tion’ 
non pa reil’ 
vir’tue 

in ves’ ti gate 
vin'di cate 
ful fil’ment 
pro ce’dure 


Brown’‘ing 
Thack’er ay 
Ma cau’lay 
Tyn’dall 
Hux’ley 
Dar’win 
Ste’ven son 
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207 
main’te nance tend’en cy, priv’i lege 
per vade’ monop/olies accruing 
incu ba’tion con cede’ pe’ri od 
dis tin’guish _in ter cede’ con ferred’ 
con trol’ mate’rially al‘imony 
stead’i er stud’y ing leath’er 

208—WORDS PERTAINING TO NAVIGATION 

buoy’an cy im per’iled source 
pas’sage aq’ue duct pro pel’ 
rud’der ex er’tion trav’el ing 
ca nal’ ob’sta cles voy’age 
wa’ter at’mos phere _—_helms’man 
pilot pro pel’ler sea’far ing 
is‘land er com’modore nautical 

209 
con sti tu’tion suf fi’cient eq’ui ty 
per mis’si ble rar’e fy e quipped’ 
respon sibil’/ity right’eous ac quire’ 
re cur’rence pre ten’tious cab’i net 
ef fi’cien cy in cip’i ent en joined’ 
con sist’en cy im’i tate pre pared’ 

210 
cou ra’geous ex pe’ri ence ex hib’it 
im pris’oned _vig’or ous a breast’ 
de fen’sive tech nique’ ex citing 
con’quer or pre par‘atory  rhyth’mic al 
em’bry o skilled out stripped’ 
sports’man non-re sist’ant hand’i capped 
keen’ness dis’tance ar range’ment 

211—NOTED AUTHORS—BRITISH 

Ba’con Gold’smith Scott 
Shake’speare Burke Words’worth 
Jon’son Cow’per Cole’ridge 
Mil’ton Gib’bon Lamb 
Dry’den Burns By’ron 
Swift Lan‘dor Moore 
Ad‘di son Rus’kin, -- Car lyle’ 
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Pope Shel’ley Sou’they George El’i ot 

John’son Keats Bul’/wer Ten’ny son 

De Foe’ Ar’nold Dick’ens Kings’ley 
212—NOTED AUTHORS—AMERICAN 

Frank’lin Pres’cott Tho’reau Simms 

Poe Gray Wil'lis Sted’man 

Ir’ving Low’ell Mitch’ell Taylor, Bay’ard 

Coop’er Drake Stowe Da’na 

Em’er son Hal’leck Cur’tis Bur’roughs 

Long’fellow Haw’thorne Mot’ley Whip’ple 

Whit’ti er Park’man Cle’mens Lan ier’ 

Holmes Dra’per Al’drich How’ells 

Whit’man Bry’ant Harte, Bret Fiske 

213—STATES, TERRITORIES, AND ISLAND POSSESSIONS WITH 


THEIR ABBREVIATIONS 
The United States consists of forty-eight states, two terri- 
tories, one district, and a number of detached possessions. 


NEw ENGLAND STATES 


Maine Me. Mas sa chu’setts Mass. 
New Hamp’shire N.H. Rhode Is’land te 
Ver mont’ Vt. Con nect’i cut Conn. 
MiIppLE ATLANTIC STATES 
New York NEY Ma’ry land Md. 
New Jer’sey N. J. Vir gin/ia Va. 
Penn syl va’nia Pas West Vir gin/ia W. Va. 
Del’a ware Del. Dis’trict of Colum’/bia D.C. 
SOUTHERN STATES 
North Car o li’na NC Lou i si a’na La. 
South Car o li/na Sue Tex’as Tex. 
Geor’gi a Ga. Ar’kan sas Ark. 
Flor’i da Fla. Ten nes see’ Tenn. 
Ala ba’ma Ala. Ok la ho’ma Okla. 
Mis sis sip’pi Miss. 
CENTRAL STATES 
Ken tuck’y Ky. Ne bras’ka Neb. 
O hi’o Or Mich’i gan Mich. 
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In di an’a Ind. Wis con’sin Wis. 

Tl li nois’ ilsl> « Min ne so’ta Minn. 
Mis sou’ri Mo. North Da ko’ta N. Dak. 
Kan’sas Kan. South Da ko’ta Saba 
l’o wa Ia. 


Rocky MounrTAIN AND PaAciFic STATES 


Col 0 ra’do Colo. U'tah | Ue: 

Mon ta’na Mont. Ari zo’na Arion. 

Wy o’ming Wyo. Cali for’ni a Cal. 

New Mex’i co N. Mex. Or’e gon Ore. or Oreg. 

Ne va’da Nev. Wash’ing ton Wash. 

I’da ho Ida. A las’ka Ter’ri tory Alas. 
DETACHED POSSESSIONS 

Ha wai’ian Is’lands TIA Guam 

Por’to Ri’co P. Rico or PsR. Wake Is’land 

Phil’ip pines Phil. Later la. 

Ma nu’a Panama’ Zone 


The names Olio, Utah, Idaho, and Alaska are seldom 
abbreviated. 


GENERAL INFORMATION 


WORDS COMMONLY MISPRONOUNCED 


214. Probably one of the best means we have of judging 
a person’s education or ability is the language that he uses to 
express his thoughts. If he has only a limited number of words 
at his command and if he often pronounces some of these in a 
way that is not approved by authorities on the matter, we 
decide that his education has been neglected or that he is care-_ 
less about his speech. A large vocabulary and an understanding 
of the correct pronunciation of words is of great importance, 
for it is necessary not only in social life, but also in business 
life. Every person should therefore be on the alert at all times 
and endeavor to acquire a large store of words, as the lack of 
a good vocabulary is likely-to retard his progress in many lines. 
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The following suggestions will doubtless be found helpful, and 
careful attention should be given to them: 

1. Always note a new word; that is, a word with which you 
are not familiar. Frequently you will meet with new words 
in books, magazines, lectures, sermons, and the conversation of 
friends. Words of this kind, whose meanings you cannot 
determine from the way in which they are used and about whose 
pronunciation you are in doubt, should be looked up in a dic- 
tionary. The uses, the meanings, and the illustrations given 
there should be studied until the words are so thoroughly 
understood that they can be used correctly. 

2. Seek good society. Nothing shows so quickly in a per- 
son’s speech as the kind of associates he has. The language 
of cultured, refined persons is more likely to contain words 
and expressions that should be added to one’s vocabulary than 
the language of ignorant persons. Try to profit by association 
with persons of education and culture. 

3. Use a dictionary constantly. The habit of using a dic- 
tionary constantly is an excellent one to acquire and cannot be 
too strongly recommended. If a dictionary is consulted for 
every new word that you meet with, it will not be long before 
many additions will be made to your word store. In looking 
up a word, note carefully its correct spelling and pronunciation, 
and study its definitions and the illustrations given for its use. 
Then pronounce the word aloud and try to use it in sentences 
of your own construction. When you can use a word and 
pronounce it in the proper way, it is yours for all time. 

4. Note how others pronounce words. If at any time you 
hear some one pronounce a word differently from the way in 
which you pronounce it, do not fail to find out which pronun- 
ciation is correct. If you follow this plan, you will be surprised 
many times to note just how the word should be pronounced. 


215. List of Words Commonly Mispronounced.—So 
many errors are made in the pronunciation of words that it 
seems advisable to give the following list, which is arranged 
alphabetically and contains a great many words that are com- 
monly mispronounced. It will be a good plan for you to pro- 


§ 16 SPELLING 


nounce these words aloud until you are sure that you know 
exactly how they should be given. 
to forget the proper pronunciation and you will be able to 
employ the words whenever you need them. Reference to the 
table of diacritical marks in Art. 4 should be made in case 
of doubt about any of the marks used in this list, as all of 


these marks are explained in that article. 


A 


abdomen (ab do’mér) 
abstract, adj. (ab’strakt) 
abstract, verb (Ab strakt’) 
accent, noun (ak’sént) 
accent, verb (&k sént’) 
accept (ak sépt’) 
accessory (ak sés’s6 ri) 
acclimate (&k kli’mat) 
acclimatize (ak kli’ma tiz) 


accompaniment (4k ktim’pa ni. 


mént) 
accurate (&k’ki rat) 
aconite (ak’6 nit) 
acorn (a’ktirn) 
acoustics (4 kdos’tiks) 
acumen (4 ki’mén) 
address (ad drés’) 
adept (a dépt’) 
admirable (ad’mi ra bl) 
adult (a dult’) 
ad valorem (&d va 10’rém) 
advance (4d vans’) 
adverse (&d’vérs) 
aerial (4 é’ri al) 
aeriform (a’ér i f6rm) 
aerolite (a’ér 6 lit) 
aeronaut (a’ér 6 ndét) 
aeroplane (a’ér 6 plan) 


against (a génst’) por 


aged, adj. (a’jéd) 

aged, verb (ajd) 

agile (aj’il) 

ailment (al’/mént) 
albumen (al biai’mén) 
algebra (al’jé bra) 

alias (a’li As) 

alien (al/yén) 

allopathic (al 16 path’ik) 
allopathist (al 16p’a thist) 
allopathy (al l6p’a thi) 
ally (al li’) 

almond (a’mtind) 
alpaca (al pak’a) 
altercate (Al’tér kat) 


alternate, noun and adj. (al- 


tér’nat) 


alternate, verb (al/tér nat or 


al tér’nat) 


amateur (4m a tér’ or &m’a- 


tar) 
amenable (a mé’na bl) 
amiable (a’mi a bl) 
amicable (4m‘i ka bl) 
anchovy (an chd’vy) 
ancient (an’shént) 


annex, noun (an néks’ or an’- 


néks) 
annex, verb (An néks’) 
antarctic (ant ark’tik) 


Then you will not be likely 
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aperture (ap’ér tir) 


apparatus (ap pa ra’tis) 


apricot (a’pri két) 
aqueous (a’kwé ts) 
Arab (ar’ab) 
Arabic (ar’a bik) 


archipelago (ar ki pél’a gd) 


architect (ar’ki tékt) 
arctic (ark’tik) 

area (a’ré a) 

artiste (ar tést’) 

Asia (a’shi a or a’sha) 


asphalt (as’falt or as falt’) 


aspirant (as pir’ant) 
associate (As sd’/shi at) 
attache (at ta sha’) 


automobile (au to md’bil) 


avenue (Aav’é nti 
aviary (a’vi a ri) 
B 
barrel (bar’rél) 
bath (bath) 
bayou (bi’d0) 
bestial (bés’chal) 
bicycle (bi’si k1) 
bijou (bé zhoo’) 
biography (bi dg’ra fi) 
bitumen (bi ti/mén) 
blackguard (blag’gard) 
bouquet (boo ka’) 
bravado (bra va’do) 
brooch (brdch) 
Buddha (bood’da) 
burlesque (bfir lésk’) 
Cc 
café (ka fa’) 
calf (kaf) 
canine (ka nin’) 
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cant (kant) 

can’t (kant) 

carbine (kar’bin) 

Carnegie (kar nég’7) 

casualty (kazh’a al ti) 

catholicism (ka thdl’i sizm) 

centenary (sén’/té na ri) 

chasten (cha’sn) 

chauffeur (sho fér’) 

chef (shéf) 

cheviot (chév’i tt, not shév’i tit) 

chlorine (kld0’rin or k10’rén) 

chorist (k6’rist) 

chorister (k6r’is tér) 

christen (kris’n) 

civil (siv’il not siv’ 1) 

cleanly, adj. (klén/‘Ii) 

cleanly, adv. (klén‘li) 

clematis (klém/a tis) 

clientele (klién tél’ or kdi’- 
én tél) 

clique (klék) 

coadjutor (k6 ad ja’tér) 

cocaine (k6’ka in, not ko kan’) 

combatant (kém/bat ant) 

combative (kém/bat iv or kém- 
bat’iv) 

comely (ktim’Ii) 

comparable (kém’pa ra bl) 

concrete, noun or adj. (k6én’- 
krét) 

concrete, verb (k6én krét’) 

condolence (kén do’lens) 

connoisseur (kén nis sfir’ or 
k6n nis sir’) 

contour (kén toor’) 

contract, noun (k6n’'trakt) 

contract, verb (kén trakt’) 


§ 16 


contrary (k6én’tra ri or kén’- 
tra ri) 
contrast, noun (k6n’trast) 
contrast, verb (kén trast’) 
contrite (k6n’trit) 
contumely (kén’ta mé 1i) 
conversant (k6n/vér sant) 
converse, noun or adj.(k6n’/vérs) 
converse, verb (én vérs’) 
convert, noun (k6n/vért) 
convert, verb (kén vért’) 
coquetry (k6 két’ri or ko’két ri) 
coquette (ko ket’) 
coquettish (ko két’tish) 
coral (k6r’al) 
cordiality (kér jal'i ti or kér- 
di al’ ti) 
corps (kdr) 
coterie (ko te ré’) 
courteous (kfir’té ts) 
courtier (kort’yér) 
coyote (ki’6 té or ki’dt) 
creek (krék) 
crematory (krém’a tori not 
krém’a t6 ri) 
curator (ki ra’tér) 
cyclamen (sik’la mén) 
D 
data (da’ta) 
débris (da bre’) 
decade (dék’ad) 
decadence (dé ka’dens) 
decorous (dé k6/riis) 
decorum (dé k6’riim) 
defalcate (dé fal’kat) 
deficit (déft sit) 
deposition (dép 6 zish’tin) 
desuetude (dés’wé tid) 
ILT 300—36 
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desultory (dés’til to ri) 

digression (di grésh’tin) 

diploma (di plo’ma) 

direct (di rékt’) 

disputable (dis’p& ta bl) 

disputant (dis’pa tant) 

docile (dés’il or do’sil) 

drought (drowt) 

drouth (drouth) 

drowned (drownd) 

dyspepsia (dis pép’si a or dis- 
pép’sha) 

E 

eczema (ék’zé ma) 

egotism (@’g6 tizmor &ég’6 tizm) 

egotist (é’g6 tist) 

embalm (ém bam’) 

encore (ang kor’) 

enema (én’é ma or é né’ma) 

engine (én’jin) 

enquiry (én quir’l) 

epistle (é pis’l) 

equable (é’kwa bl) 

excise (&k siz’) 

excretory (éks’kré t6 ri or éks- 
kré’to ri) 

exemplary (égz’ém pla ri) 

exhilarate (égz il’a rat or &éks- 
hil’a rat) 

exhort (égz ért’ or éks hort’) 

expletive (éks’plé tiv) 

explicable (éks’pli ka bl) 

exponent (&éks pd’nent) 

exquisite (éks’kwi zit) 

extant (éks’tant) 

extol (éks tél’) 

extraordinary (éks trér’di na- 
ri or éks tra é6r’di na ri) 
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F 


favorite (fa’vér it) 
February (féb’roo 4 ri) 
feminine (fém‘i nin) 
figure (fig’tar) 

finance (ff nans’) 
finances (fi nan’séz) 
financial (fi nan’shal) 
financier (fin an sér’) 
finesse (fé nés’ or fi-nés’) 
floral (fl0’ral) 

florid (flér’id) 

florist (fld’rist or flér’ist) 
fountain (foun’tin) 
fracas (fra’/kas) 

fragile (fraj/il) 

frontier (frén’tér) 


G 


gallant, adj. (gallant or gal- 
lant’) 

gallant, noun (gal lant’ or gal’- 
lant) 

gallant, verb (gal lant’) 

genealogy (jén é al’/6 jy) 

genuine (jén’a in) 

geography (jé d6g’ra fi) 

gladiolus (gla di’6 lus or glad- 
i O’lts) 

glamour (glam/ér or gla/’moor) 

glisten (glis’n) 

gondola (gén’do 1a) 

government (gtiv’érn mént) 

granary (gran’a ri) 

gratis (gra’tis) 

grievous (grév’tis) 

grimace (gri mas’) 

gristle (gris‘l) 
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H 


handkerchief (hang’kér chif) 

hearth (harth) 

heinous (ha’ntis) 

herculean (hér ka’lé an) 

heroic (hé rd’/ik) 

heroine (hér’6 in) 

heroism (hér’6 ism) 

hiccough (hik’tip) 

hickory (hik’6 ri not hik’ri) 

history (his’t6-ri not his’tri) 

homeopathist (hd mé dp’a- 

thist) 

horizon (h6 ri’ztin) 

hover (htiv’ér) 

hydrangea (hi dran’jé a) 

hygiene (hi’ji én or hi’jén) 

hygienic (hi ji én’ik) 

hymeneal (hi mé né’al) 

hypocrisy (hi pdk’ri si) 

hypodermic (hip 6 dér’mik) 
I 

idea (i dé’a) 

ignition (ig nish’tn) 

ignoramus (ig nd ra’mtis) 

illustrate (il lts’trat) 

imbecile (im’bé sil or im’bé sel) 

impious (im’pi ts) 

impotent (im’p6 tént) 

incendiary (in sén’di a ri 

incense, noun (in’séns) 

incense, verb (in séns’) 

incomparable (in kém’pa ra bl) 

incongruous (in cén’groo ts) 

increase, noun (in’krés or in- 

krés’) 
increase, verb (in krés’) 
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indecorous (in dé ko’rtis or in- 
dék’o rtis) 

indict (in dit’) 4 
indictment (in dit’mént) 
indigent (in’di jént) 
indisputable (in dis’pa ta bl) 
industry (in’duts tri) 
infamous (in’fa mtis) 
infinite (in’fi nit) 
influence (in’flai ens) 
inquiry (in kwir’l) 
integral (in’té gral) 
interest (in’tér ést) 
inventory (in’/vén to ri) 
irascible (i ras’si bl) 
irreparable (ir rép’a ra bl) 
irrevocable (ir rév’6 ka bl) 
isolation (i sd 1a’shtin) 
Italian (i tal’yan) 

BI 
jugular (ja’gt 1ér) 
juvenile (jai’vé nil) 

L 
learned, adj. (lérn’éd) 
learned, verb (lérnd) 
legislature (1éj’is 1a tir) 
lenient (lé’ni ént or lén’yént) 
lichen (1i’kén) 
licorice (lik’6 ris) 
lien (lén or li’én) 
literature (iit’ér 4 tir) 
ludicrous, (la’di krts) 
lyceum (li sé’ttm) 

M 
maintenance (man’té nans) 
maniacal (ma ni’a kal) 
medicinal (mé dis’i nal) 
membranous (mém/bra nis) 
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memoir (mém/wor) 
menu (mé ni’) 
mercantile (mér’kan til) 
metric (mét’rik) 
mineralogy (min ér al’6 jj) 
mischievous (mis’ché vts) 
misconstrue (mis kén’/stroo) 
mistletoe (miz’l td) 
molecular (m6 1ék’a 1ér) 
morphine (mér’fin or mér’fén) 
mountainous (moun’tin ts) 
museum (mia zé’tim) 
mustache (mts tash’) 
mythology (mi thol’s ji) 

N 
naiad (na’yad) 
naphtha (n&f’tha or nap’tha) 
national (nash’tn al) 
nectarine (nék’tér in) 
negligee (nég li zha’) 

oO 
obeisance (6 ba’sans or 6 bé’- 

sans) 
obligatory (6b’li ga to ri) 
oleomargarine (6 1é 6 mar’ga- 
rin or 0 lé 6 mar’ga rén) 

onerous (6n’ér tis) 
opponent (6p pd’nént) 
opportune (Sp pér tin’) 
ordeal (ér’dé al) 

P 
parachute (par’a shoot) 
pathos (pa’thés) 
patriot (pa’tri St) 
patriotism (pa’tri dt izm) 
patron (pa’trtin) 
pedagogy (péd’a go jy) 
peony (pé’6 ni) 
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peremptory (pér’émp to ri) 

petit (pét’y) 

petite (pé tét’) 

pharyngitis (far in ji’tis) 

pianist (pi an‘ist) 

piano (pi an’d) 

pianoforté (pi an’d for’ta) 

pincers (pin’sérz) 

piquancy (pé’kan si or pik’- 
an si) 

piquant (pé’kant or pik’ant) 

placable (pla’ka bl) 

plebeian (plé bé’yan) 

plethoric (plé thér’tk or pléth’- 
6 rik) 

porpoise (pdér’ptis) 

precedence (pré céd’ens) 

precedent, noun (prés’é dent) 

precedent, adj. (pré séd’ent) 

premise, noun (prém‘is) 

premise, verb (pré miz’) 

presage, noun (pré’saj or prés’- 
aj) 

presage, verb (pré saj’) 

pretense (pré téns’) 

process (prés’és) 

produce, noun (préd’is) 

produce, verb (pro dis’) 

profile (pro’fil or pro’fel) 

progress, noun (prdg’rés) 

progress, verb (pro grés’) 

project, noun (prdj/ékt) 

project, verb (prod jékt’) 

promulgate (prd-mitil’gat) 

proteid (prd’té-id) 

protein (pro’té in) 

protest, noun (pro’tést) 

protest, verb (pro tést’) 
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puerile (pii’ér il) 
pumpkin (ptimp’kin) 
Q 
quietus (kwi é’ttis) 
quinine (kwi/nin or kwi nin’) 
R 
rapacious (ra pa’shts) 
recess (ré sés’ or ré’sés) 
recipe (rés’i pé) 
reciprocity (rés i prés’i ti) 
recreate, to amuse (rék’ré At) 
recreate,- to ¢reate anew (ré 
kré at’) 
referable (réf’ér a bl) 
reflex, adj. or noun (ré’fléks) 
reflex, verb (ré fléks’) 
refuse, noun (réf’iis) 
refuse, verb (ré faz’) 
reparable (rép’a ra bl) 
reptile (rép’til) 
reputable (rép’a ta bl) 
requiem (ré’kwi ém 
reservoir (réz’ér vwo6r) 
resource (ré sors’) 
respite (rés’pit) 
restaurant (rés’to rant) 
résumé (ra z60 ma’) 
robust (rd btist’) 
roil (roil not ril) 
romance, noun or verb (r6- 
mans’) 
roof (roof not roof). 
route (root or rout) 
Ss 
sacrifice (sak’ri fis or sak’ri fiz) 
sacrilege (sak’ri 18) 
sagacious (sa ga’shtis) 
salmon (sam/’tin) 
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scabies (ska’bi éz tepid (tép’id) 

seance (sa’ans) : tiny (ti’ni not té’ni) 
semester (sé més’tér) ~ tonsillitis (t6n sil li’tis) 
senile (sé’nil) towards (td’érdz or tordz) 
sefior (sa nydr’) tremendous (tré mén’dtis) 
sefiora (sé ny6d’ra) tribunal (tri ba’nal) 
sepulcher (sép’til kér) tribune (trib’tin) 

sergeant (sar’jént or sér’jént) turquoise (tir koiz’ or ttr- 
servile (sérv‘il) kéz’) 

short-lived (shért’ livd) twopence (ttip’éns) 
sinecure (si/né kiir) tympanum (tim’pa nim) 
solace (s6l’as) tyrannize (tir’an niz) 


souvenir (soo vé nér’ or soo’- tyranny (tir’a ni) 
vé nér) 

specious (spé’shtis) 

status (sta’tts) 

strata (stra’ta) 

stratum (stra’ttm) 


U 
umbrella (tim brél’la) 
uncouth (tin kooth’) 
undersigned (tin dér sind’) 


suave (swav or swav) : v 

suavity (swav’t ti) vaccine (vak’sin or vak’sén) 
subject, noun (stib’jékt) vacuum (vak’a tim) 
subject, verb (stib jékt’) vagary (va ga’ri) 

subtle (stit’l) vagaries (va ga’riz) 
subtlety (stit’l ti) vaudeville (vad’vil) 

suburb (stib’farb not soo’/bairb) | vehemence (vé’hé mens) 
suburban (stib firb’an) venison (vén'i zn or vén’zn) 
suffice (stif fiz’) veracious (vé ra’shtis) 

suite (swét) verbatim (vér ba’tim) 


surveillance (sir val’yans) 
survey, noun (sfr’va or sir va’) 
survey, verb (sar va’) 
Syracuse (sir’a kts) 
syringe (sir’inj) 

fy 


Ww 
weapon (wép’tin) 
wistaria (wis ta’ri a) 
withe (with; th, as in thin) 
worsted (wtirst’éd) 


voy ae 


tapestry (tap’és tri) : re ee 
telegraphy (té 1ée'ra fi) Yosemite (yd sém’i té) 


tenacious (té na’shtis) Z 
tenet (tén’ét) je? zoology (26 6l’5 jy) 


72 SPELLING § 16 


CENSUS FACTS 


216. The matter that follows is given merely for reference 
purposes. However, it contains much information of practical 
value, and should therefore receive careful attention. Table I 
gives the area and the population of the United States and 
its possessions according to the census of 1910, and following 


TABLE I 


AREA AND POPULATION OF UNITED STATES AND POSSES- 
SIONS—CENSUS 1910 


ace re Population | oars Population 
United States........ 3,025,600 | 91,716,009 New York | 5,173,064 
Philippine Islands....| 115,026 7,635,426 Manila....| 234,409 
Hawaiian Islands... . 6,449 191,909 Honolulu. . 52,183 
Tutuila and Islets.... 77 7,251 |Pago-Pago 
Guamieen, oot eis sed 210 12,517 |Agana. .... 7,000 
Panama Zone........ VAG fell eae atic |Panama... 35,500 
aN Ect les eae rears aa 590,884 64,356 Fairbanks. 3,541 
PPOGLONRIGGc. eee ere | 3,606 1,118,012 San jJuan.. 48,716 
| 
Total cc hs ete lee Tae 226 100,745,480 | 


| 
| 


this table is a list of the largest cities of the various states of 
the United States, with the population of these cities according 
to the census of 1910. For convenience of reference, the names 
of the states are arranged alphabetically. The cities of each 
state are given in the order of their size. 


LARGEST CITIES OF THE VARIOUS STATES, CENSUS OF 1910 


ALABAMA ARKANSAS 
Bir’ming ham...... 182,685 Lit’tle Rock....... 45,941 
Mo bile’ (bél)...... SLoaL:: Bert Smith... 1.9e5 23,975 
Mont gom’er y..... 38,186 Pine Bluff. ...c.c. 15,102 
SORIA wc ook vas ie 13,649 Hot Springs........ 14,434 
Anniston ACh eas < 12,794 Ar gen’ta den. wees 11,188 
ARIZONA CALIFORNIA 
Tuc son’ (ta sdn’)... 13,198 San Francis’co..... 416,912 


Phosnix sere Gk 11,184 Los An’geles....... 319,198 


aM 
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Se errr 190,174. Ma‘con........-..- 40, 665 
Sacra men'to....-- ASH ~=Colum’bus......-- 20,554 
See 4QAZA Ath’ens.........-- 14,913 
San Diego @ 6). 29518 Way'cross.....-.-- 14,485 
Pes2a dena... eres BZA Ipsz0 
Sen jos! Giz!).- BYE Boi'é tosis) ire 17358 
CRORLDO Ixzixo1s 
eeeeareeeees 21381 Chi ca’go (shi ké’g) 2 185,283 
Puch'lo (pvt').. 429 Peo'ria.......---- GID 
ora'ho Sings. M978 Past St. Low's... 58,547 
idaf....----- 10.204 Spring’ fid....-.-- 51,678 
Bolder (00)... 9989 Rockford... ---- 45,401 
Cossectavt Un ton See Re 26, JBT 
New Ha'ven.-.---- 133,605 Jjoliet...-.------- 34,670 
Bridge port 102,054 Decatur 31,140 
ict... 98915 Auro'ra...-----+-- 29, 7 
Water bury.------ 72141 Damn'ville......---- 27 371 
New Bri’ain.------ 491G EV gin..----------- 25,976 
ae a eee 3206 Bloomington... 25,768 
ieee S BSS 
p Nor'wich (nix'wich) 75.219 fn di an ap’ ols. 233650 
a Nor’ walk (air WI) ZZil Ew’ans ville... 69 6AT 
Dastbu ry--------- 2BM2 Bort Wayne....-.- 63,933 
Mid Ee town. ----- DT Tere Haste (er'- 
Dei swsee CMO) 225-5224 58157 
Wi ning tom... ----- 87A11 South Bend...---- 53, 684 
Dusresct of Commis Mun'ce..-.-..---- 2A005 
Wasiimg ton..--.- 23100) An‘'derson....---- 22 A476 
Fuoxips Rich’mond Jeveosreve 22324 
Jack’son Ville... --- 51999 © Ham'mond.....---- 2925 
Tam pa..--------- 37,732 New AYbany..---- 20,629 
Paacsla 22,982 Lalaydcte’.....--- 20,081 
Key West...------ 19,9% lows 
CERGA Des Moines (de 
Athwtta -.------- LAS rt @ 36,268 
A Soux Cit’y (5) 47 523 
Daven port....-.-- 43,028 
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Du buque’ (doo bak’) 
Cedar Rap ids..c4 3 
Coun’cil Bluffs... .. 
Wrarter 100.63 5535: 
Clin’ fonts. «eeens 
Bur ing tom, a. 428e 


KANSAS 
Kan’ saseGitty. sa: 
Wield tare. 


KENTUCKY 
Lewis valle ss wes « q 
Covringe toni.) .k. 
Lex ine ton: a 
ING WeDOCG cesses whe ons 
| EPs SOLE ee ae 


LOUISIANA 

New Or’le ans...... 
Shreve’port........ 
Bat’on Rouge (bat’- 
Ti TOOZD) ccs hie : 


MAINE 
Boridancdee aan 
Wewaicitone — ae 


ATH otic eee 


MARYLAND 
paltiemores ese 


MASSACHUSETTS 


BOS TOR Go eee fe 
Worces’ter (w0ds’- 
ts eine ie Wea targa 
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38,494 
32,811 
29,292 
26,693 
25,577 
24,324 


82,331 
52,450 
43,684 
19,363 


223,968 
53,270 
395,099 
30,309 
22,760 


339,075 
28,015 


14,897 


58,571 
26,247 
24,803 
17,079 
15,064 


558,485 


21,839 
16,507 


670,585 


145,986 


Pall Rayer. ccs , 
Dow Gl. 3 hobe wae 
Cam’bridge (kam/- 
Biif) Sees pees be 
New Bed’ford...... 


Spring’field........ 
Law tetice <3 Fe, 
Somer ville. sasckes 
Bor yore. ..n rues 
Brock! tot aie aa 
Nal dea... eae 


Fitebibure. .:... +. 4 
Taunton tees ee 
Bevfetrett ttere occ eae 


Glouces’ter (glés’- 
eae We nee Semone 


MICHIGAN 
De trots. a eee 
Grand Rapads: 2... 
So Uk NE hy a ed 
Bay Gin vers aes: 
Kalaina 700 <o.\e 
i ai bie) Meee eed aS Here eee 
jJack’son;. saauees < 
ANSI aes ee 
Bat’tle Creek. ..... 
Mus ke’gon...... 
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119,295 
106,294 


104,839 
96,652 
89,336 
88,926 
85,892 
77,236 
57,730 
56,878 
44 404 
44,115 
39,806 
37,826 
34,259 
33,484 
32,642 
32,452 
32,121 
27,834 
27,792 
25,401 


24,398 
23,150 


465,766 
112,571 
50,510 
45,166 
39,437 
38,550 
31,433 
31,229 
25,267 
24,062 


oe 
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IMINNESOTA 
Min ne ap’o lis..... 
Site Peru ares aa eee 


MISSISSIPPI 
Meéwidi an... o.... 
AC CON wae Seaton s 
WAEKS DOES oo cso be 


Missouri 


air es Cig y os. .ces 
Dt TO Sepa... 2... : 


~ MONTANA 


Butte (bUt).s....;. 


(Gteatrtallse 


Mas sow la... ==. <. 
21S) oa a eee 

NEBRASKA 
O’ma ha (6’ma hd) . 
MT@OU Saree cee oy 
Sour O'ma has... . 


NEVADA 


NEw HAMPSHIRE 


Man/ches ter...... F 
INashititae. centre 
Son COT. 25 Sens: 


NEW JERSEY 


ING SAR on Bee oe 
Wer sey CAlY . aso .06 
Pat CG SOU ots css 
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Beto cent ..4. Se 70,324 

$01,408. Bayonne’......... 55,545 

214,744 ~ Pas salic. -...... 64s 54,773 
78,446 At lan’tic Cit'y..... 46,150 
18,583 West Ho’boken.... 35,403 

East Or’ange....... 34,371 
23,285 Perth Am’boy..... 32,121 
mine Orange. 25. io % «s 29,630 
20,814 New Bruns’wick 23,388 
IMiGminkelain sts eee 21,550 

e877020, . Union, Vonks a). 21,023 

248 381 New Mexico 
77,403 Al bu quer’que (al- 

35,201 boo kér’ka or al’- 
32,073 boo, Kerik). os. wt 11,020 

NEw YorK 
39,165 New York......... 4,766,883 
13,948 BitiitalO.8e5 eo 423,715 
12,869 Roch ester. Jo... 218,149 
12,515 SV asCUuSes arcane e.. 137,249 
ISO ey wecmace LOU DS 

124,096 GTM OLS S Se a ie, oo: 79,803 
43,973 1fOY ike 
26 259 sw ch Rip eas gee 74,419 

. Sche nec’ta dy...... 72,826 
Bine ham to...2... . 48,443 

10,867 Bt mi/ra.... 20... 37,176 
US Gls] bene eee 34,668 

70,063 James’town........ 31,297 
26,005 Am/sterdam....... 31,267 
21,497 Mount Ver’non.... 30,919 
Niag’a ra Falls... . 30,445 

347,469 New Rochelle’..... 28,867 

267,779 Pough keep’sie (p6- 

125,600 Felon) Reeear eh eae 27,936 
96,815 New’burgh........ 27,805 
94.538 Wa’tertown....... 26,730 
781409 — King’ston....4..... 25,908 


76 


Co hoes’ (ko hoz’)... 


NROMOR Mein sauacs ete 


NortH CAROLINA 
Char lotiewssc.. tie 
Wil’ming ton...... ; 
LRG: hd oad ae 
ASHE VING eos os 


@leveland 2.242 
@iovetigat: as peo ee 
Cowl BUS 35g ca. 
ARG MS."6 (Cee Sane ena 
LDS ihe: dt earn 
Youngs’town....... 
BA ON a dn a gens 
a Cot sR et. 
Spring field. ... : .. 
larga) GOs oe oe 
Liana). =... - 
TOM Ola ek ces 
Zanes ville. ...0. 5. . 
INGWaLIS cs eee s auc 
Ports mouth <5 ...0: 
Steu’ben ville. ..... 
Mansfield’... ..:.. 
East Liv’er pool.*.. 


OKLAHOMA 

Ok la ho’ma Cit’y.. 
Mus co’gee (mts- 
TESSOE) vcr, pa see'e 
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24,709 OREGON 
23,068 Port'land....../.5/ 207,214 
20,642  Salemin.g cv 14,094 
20,497 
PENNSYLVANIA 
34,014 Phil a del’phia.... 1,549,008 
25,748 Fig iad Pe hier es 533,905 
19,218 santas Ls ae 129,867 
18,762 Read ing (réd)..... 96,071 
18,241 _— =a fe. cee 67,105 
Hae GS Ire. 2 > A 64,186 
14,331 Johns’ ‘aie Ro Nee 55,482 
12.478 ALPOO HS oc colo ics 5D, 120 
; Al‘len town... ..... 51,913 
Wil te ioe eet 44,750 
560,663 Lan’caster........ 44 227 
363,591 Mc Kees’port...... 42,694 
181,511 Ches’ter........... 38,537 
168,497 New’Castle....... 36,280 
116,577 Wit'liams port....... 31,860 
79,066 Bas'ton........... 28,523 
69,067 Norris town. <2. <- 27,875 
50,217 Shenando’ah...... 25,744 
46,921 Halzleton......... 25,452 
35,279 
30,508 RuHopE IsLAND 
28,883 provi dence....... 224 326 
22020 Paabacl ets ce / 83622 
25,404 Woon sock’et...... 38,125 
23,481 New port; os2c.s<0s 27,149 
22,391 War'wick (wor'tk).. 26,629 
20,768  Cen'tral Falls... die 22,754 
SOE8C -Crail’ston.. cua 21,107 
64,205 SOUTH CAROLINA 
Chatlés tone icc 58,833 
25,278 Golum’bia.. ic... 26,319 
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Souta DaAKoTA 


Sioux Falls (soo)... 14,094 
Aberdeen’ (ab ér- ~ 

Gener 25 ee se 10,753 

TENNESSEE 
Whew pins. 3 sc... 131,105 
Nash walle... 0.4. 110,364 
Chat ta noo’ga..... 44,604 
Eenox ville S.. 5 hak 36,346 
NOC SOM mys. S2' a5 ¢ 15,779 
TEXAS 
San An toni 0....:. 96,614 
a As teers ae 92,104 
Ous tO se ia a re 78,800 
Port-vwWorth?) 3.2: Vorole 
Eppa Gorse. cee 39,279 
Galves tDtl. f 4.2... ~ 36,981 
SA Sih gE a eee 29,800 
Waco (wa'c6)...... 26,425 
WBCAUIMODE ©. chews 20,640 
UTAH 
Saltrlake Cit ye,.2 92,777 
ORCC Esto. 4s. 20,000 
VERMONT 
Barling ton), ts). 20,468 
Rint land oyas, tec ose 13,546 
VIRGINIA 

Rich mondsse74.... ele7,028 
INGE TOlc see Liee.. 67,452 
Roarokear i. ht 34,874 
Portsmouth... 1% 33,130 
Tyaehy) Duro ti. ee 29,494 
Pe'ters burg........ 24,127 
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New’port News.... 
Danville gts. e +3: 
Al ean dt ak. ‘ 


WASHINGTON 

Se at’tle (sé at’l) ... 
Spo kane’ (spd kan’) 
PNCOAM. Scstekags 0 
Hyer ett: ims. 
Belin hemes; on . 
Wal’la Wal’la (wél’- 
Aol 2.) atria as sekaes 
North: Yak’ maz: .. 


WEST VIRGINIA 
Wheel’ing......... 
Hiutineatvonk. eo. 
Charleston: concen 


WISCONSIN 
Mil wau’/kee....... 
UPS Or op aerate 2 
Ra cine’ (ra sén’)... 
Oeniikochi sess. aus ie 


She boy’gan........ 
iadicone ee a. 
Green bay. sense 
Ke no’sha_ (ké nd’- 

Sha ein ea beree te eG 
Fond du Lac’ (fén- 

Citelale ics cmeuaan 
Eau Claire (6 klar). 
Apple tom: . wes x. 
Wau’sau (w6’sd).... 


Chey enne’ (shi én’) 


Hye 


20,205 
19,020 
15,329 


237,194 
104,402 
83,743 
24,814 
24,298 


19,364 
14,082 


41,641 
31,161 
22,996 
17,842 


373,857 
40,384 
38,002 
33,062 
30,417 
26,398 
25,531 
25,236 


21,371 


18,797 
18,310 
16,773 
16,560 
15,125 
11,3820 
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LATIN WORDS AND PHRASES 


217. The following Latin expressions occur frequently 


in books and conversation. 
A 
A fortiori, with stronger reason 
A posteriori, from effect to cause 
A priori, from cause to effect 
Ab initio, from the beginning 
Ad infinitum, to infinity 
Ad interim, in the meantime 
Ad libitum, at pleasure 
Ad nauseam, to disgust 
Ad valorem, according to value 
Alias, other; another name 
Alibi, elsewhere 
Alma mater, a fostering mother 
Ante bellum, before the war 
Ante meridiem, before midday 
Aqua vite, water of life; brandy 
Argumentum ad hominem, an 
argument that gets its force 
from the conduct or principles 
of the man to whom it is ap- 
plied 
B 
Bona fide, in good faith 


c 
Casus belli, a cause for war 
Cui bono? of what use is it? 


D 
De facto, in reality 
De jure, by right 
De novo, anew 
De profundis, out of the depths 
Deo volente, God being willing 


They are given here for reference. 


Dirigo, I direct 

Disjecta membra, scattered re- 
mains 

E 

Ecce homo, behold the man 

E pluribus unum, one out of 
many 

Ex cathedra, from the chair; 
with authority 

Excelsior, higher 

Exeunt, they go out 

Exeunt omnes, all go out 

Ex officio, by virtue of office 

Ex parte, on one side 

Ex post facto, after the act 


F 
Facile princeps, easily the first 
or chief 
Festina lente, make haste slowly 
Fiat justitia, ruat celum, let 
justice be done though the 
heavens fall 
Fidus Achates, a true friend 
Fortiter et recte, bravely and 
rightly 
Fortiter in re, strong in action 
G 
Gloria in excelsis, glory in the 
highest 
H 
Humanum est errare, it 7s 
human to err 
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g 


I 

In hoc signo vinces, im this 
sign thou shalt conquer 

In loco parentis, in place of 
parent 

In medias res, 7m the midst of 
affairs 

In memoriam, 7” memory 

In nubibus, zn the clouds 

In situ, 2u zts original place 

In statu quo, 22 zts former state 

In terrorem, as a warning 

In toto, 7” the whole 

In transitu, during passage 

Inter nos, between ourselves 

Ipsi dixit, he himself said it 

Ipso facto, 7 the fact ttself 

L 

Labor omnia vincit, labor con- 
quers everything 

Lapsus calami, a slip of the pen 

Lapsus linguee, a slip of the 
tongue 

Lapsus memore, a slip of the 
memory 

Laus Deo, praise to God 

Lex non scripta, the unwritten 
law 

Lex talionis, the law of retalia- 
tion 

Locum  tenens, 
place; a deputy 

Lusus nature, a freak of nature 


holding the 


M 

Magnum opus, a great work 
Memento mori, remember death 
Mens sana in corpore sano, a 
sound mind in a sound body 
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Meum et tuum, mine and thine 

Mirabile dictu, wonderful to 
relate 

Modus operandi, manner of 
operating 

Multum in parvo, much in 
little 


N 

Ne plus ultra, no further; the 
limit of achtevement 

Nolens volens, unwilling (or) 
willing, willy-nilly 

Nolle prosequi, unwilling to 

’ proceed 

Non compos mentis, “ot sound 
of mind 

Non est inventus, he was not 
found 

Non sequitur, zt does not fol- 
low 

Non sibi, sed omnibus, not for 
himself, but for all 

Nota bene, mark well 


oO 
Ora pro nobis, pray for us 


P 
Pari passu, with equal pace 
Particeps criminis, am accom- 

place 

Paterfamilias, father of a family 
Pater noster, Our Father 
Per annum, by the year 
Per capita, by the head 
Per centum, by the hundred 
Per diem, by the day 
Per se, by ttself 
Pons asinorum, asses’ bridge 
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Post mortem, after death 

Pro bono publico, for the public 
good 

Pro et con, for and against 

Pro rata, in proportion 

Pro tempore, for the time 


Q 
Quantum sufficit, a sufficient 
quantity 
Quid pro quo, an equivalent 


R 


Rara avis, a rare bird 

Reductio ad absurdum, reduc- 
tion to absurdity 

Requiescat in pace, may he (or 
she) rest in peace 


S) 


Sanctum sanctorum, holy of 
holies 

Semper idem, always the same 

Sic semper tyrannis, thus al- 
ways to tyrants 

Sine die, without (appointing) 
a day 

Sine qua non, (without which 
not) an indispensable con- 
dition 

Stet, let it stand; do not change 
at 
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Suaviter in modo, gentle in 
manner 

Sub rosa, 
privately 

Sui generis, of zts own kind 

Summum bonum, the chief 
good 


under the 


rose; 


sy 

Terra firma, the solid earth 

Terra incognita, an unknown 
country 

U 
Ultima Thule, the farthest limit 
Vv 

Vade mecum, go with me; a 
manual or hand book 

Veni, vide, vici, I came, I saw, 
I conquered 

Verbatim et literatum, word 
for word and letter for letter 

Via, by the way of 

Vice versa, conversely; the order 
reversed 

Vi et armis, by force and arms; 
by main force 

Viva voce, by living voice 

Vivere est cogitare, to live is to 
think 

Vox populi, vox Dei, the voice 
of the people is the voice of 
God 
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COMMON ABBREVIATIONS 


218. The following list contains many of the principal 
abbreviations and contractions used by English-speaking people. 


A 
A. America; American 
A.B. Bachelor of Arts 


abbr. or abbrev. Abbrevia- 
tion 

acc. or acct. Account 

A.D. (Anno Domini) Inthe 


year of our Lord 
adj. Adjective 
adm. Admiral; admiralty 
admr. Administrator 
admx. Administratrix 
adv. Adverb; advertisement 
Agt. Agent , 
alg. Algebra 
A.M. Master of Arts; before 
noon 
amt. Amount 
Anon. Anonymous 
ans. Answer 
arith. Arithmetic 
Asst. Assistant 
Att. or Atty. Attorney 
Atty.-Gen. Attorney-general 
Ave. or Av. Avenue 
avoir. or avdp. Avoirdupois 


B 
B.A. British America; bach- 
elor of arts 
bal. Balance 
Bat. or Batt. Battery; battal- 
ion 


bbl. Barrel. bbls. Barrels 


B. C. Before Christ; British 
Columbia 

bdl. Bundle 

B. I. British India 

Bib. Bible; Biblical 

biog. Biography 

B. L. Bachelor of Laws; Bill 
of lading 

bldg. Building 

B. L. E. Brotherhood of Lo- 
comotive Engineers 

B. M. Bachelor of Medicine 

B. M. or B. Mus. Bachelor 
of Music 

b. p. Bills payable 

b. rec. Bills receivable 

Brig. Brigade; brigadier 

Brig. Gen. Brigadier General 

Brit. Britain; British 

Bro. Brother. Bros. Brothers 

B.S. Bachelor of Surgery; 
Bachelor of Science 


b. s. Bull of gale 
bu. or bush. Bushel 
bx. Box. bxs. Boxes 


c 
C. Centigrade 
cap. Capital 


Capt. Captain 
Cash. Cashier 

C. B. Cape Breton 
C.E. Civil Engineer 
Chap. Chapter 
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chem. Chemistry 

Civ. Civil 

Co. Company; County 

C.0O. D. Cash, or collect, on 
delivery 

Col. Colonel 

Cong. Congress 

conj. Conjunction 

Cor. Sec. Corresponding Sec- 
retary 

Cr. Creditor; credit 

CoS. -Civil’Service 

et. Cent 

ewt. Hundredweight 


D 

D.D. Doctor of Divinity 

Dabs: Doctoral’ Dental 
Surgery 

deg. Degree; degrees 

Dem. Democrat; Democratic 


Dep. Deputy 

Dept. Department 
diam. Diameter 

Dict. Dictionary 

dis. or disct. Discount 
Dist.” “District 


Dist. Atty. District Attorney 

div. Dividend; divisor; division 

D. Lit. Doctor of Literature 

D. M. Doctor of Music 

do. (ditto) The same 

doz. Dozen 

Dr. Doctor; debtor 

. ae 

E. East 

ed. Edition; editor 

e.g. (exempli gratia) 
example 


For 


§ 16 


E.I. East Indies; East India 
elec. Electricity; electrical 
E.M. Mining Engineer 
Emp. Emperor; Empress 


Encyc. Encyclopedia 
Eng. England; English 
Epis. Episcopal 


Esq. or Esqr. Esquire 

etc., &c. (Et cetera) 
others; and so forth 

Ex. Example 

Exec. or Exr. Executor 


And 


F 
F. or Fahr. Fahrenheit 

f. Farthing; fathom 

fem. Feminine 

fig. Figure; figures 

Fin. Sec. Financial Secretary 
Fo. or Fol. Folio 

f.0. b. Free on board 

Fr. France; French 

ft. Foot; feet; fort 

fur. Furlong 


G 
gal. Gallon; gallons 
G. A. R. Grand Army of the 
Republic 
G. B. Great Britain 
g.c.d. Greatest common 
divisor 


Gen. General; Genesis 
geog. Geography 
geol. Geology 


geom. Geometry 

Ger. or.Germ. Germany; 
German 

Gov. Governor; government 
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H : : 
mi. Mile 
hhd. Hogshead : min. Minute; minutes 
H. M. His, or Her, Majesty — yyte._ Mademoiselle 
Hon. Honorable; honorary jgme Madame 


h. p. Horsepower 
H. R. House of Representa- 
tives 
hr. Hour 
Hoek. He His, or Her, Royal 
Highness 
I 
ib. or ibed. (zbidem) 
same place 
id. (dem) The same 
i.e. (id est) ‘That is 
in. Inch; inches 
inst. (¢nstant) Of the present 
month 
isl. Island 
It. or Ital. 


In the 


Italian; Italic 
J 
jr. or jun. Junior 


L 
lat. Latitude 
l. c. m. Least common mul- 
tiple 


£ 1b.,107-1b. (> Potind 

LL. D. Doctor of Laws 
Lieut. or Lt. Lieutenant 
long. Longitude 

Ltd. Limited 


M 


Maj. Major 
Maj. Gen. Major General 
Mas. Masculine 


M.C. Member of Congress 
M.D. Doctor of Medicine 
mdse. Merchandise 

IL T 300-37 : 


« 
° 


M.P. Member of Parliament 
Mr. Master; Mister 

Mrs. Mistress 

MS. Manuscript 

MSS. Manuscripts 


Mt. Mountain; mount 
Mus. D. Doctor of Music 
N 
N. North 
N.A. North America; North 
American 
naut. Nautical 


N.B. North British; New 
Brunswick 

N. B. (nota bene) Mark well; 
take notice 

N. E. Northeast; New Eng- 
land 

N. F. Newfoundland 

N.G. National Guard 

No. Number 

o 
obs. Obsolete 
oz. Ounce; ounces 
P 

p. Page 

per cent. or % (percentum) By 
the hundred 

Ph. D. Doctor of Philosophy 

pk. - Peck 

pkg. Package 

plu. Plural 

P. M. (post meridiem) After- 
noon; Postmaster 
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P.O. Post-Office 

pop. Population 

Poss. Possessive 

P. P. C. (pour prendre congé) 
To take leave 

prep. Preposition. 


Pres. President 
prob. Problem 
Prof. Professor 


pro tem. (tempore) For the 
time being 
prox. (proximo) Of next month 


P.S. (Post scriptum)  Post- 
script 
Ps. Psalm; Psalms 
Dia. teint 
pwt. Pennyweight 
Q 
qt. Quart 
R 
R. Recipe 


R. A. Royal Academy; Rear 
Admiral 

Rec’d or Recd. Received 

Rec. Sec. Recording Secretary 

Regt. Regiment 

Rep. Representative; Re- 
public 

Retd. Returned 

Rev. Reverend; Revelation 

R. F. D. Rural free delivery 

Rom. Roman; Romans 

Rom. Cath. Roman Catholic 

rpt. Report . 

R.R. Railroad 

R.S. V. P. (répondez sil vous 
plait) Answer, if you please 


§ 16 


Rt. Hon. Right Honorable 
Rw. or Ry. Railway 


s 

S. A. South America; South 
Africa 

S. E. Southeast 

Sec. Secretary 

Sen. Senate; senator; senior 

Serg. or Serj. Sergeant or 
Serjeant 

Sing. Singular 

sq. Square 

Sr. or Sen. Senior 

St. Saint; street 

supp. Supplement 

Supt. Superintendent 

S. W. Southwest 


T 
tr. Transpose; translator 
Treas. Treasury; treasurer 


U 

ult. (ultimo) Last; Of the last 
month 

Univ. University 

U.S. United States 

U.S.A. United States of 
America; United States 
Army 

U.S. M. United States Mail; 
United States Marine 

U.S. M.A. United States 
Military Academy 

U.S.N. United States Navy 

U.S.N.A. United States 
Naval Academy 

UsSEs: United States 
steamer 


$16 


Vv 
Vice-Pres. or V.P. Vice- 
President s 
viz. (uwdelicet) Namely; to 
wit 
vol. Volume; volumes 
vs. (versus) Against; In op- 
position » 
V.S. Veterinary Surgeon 
Ww 
W.A. West Africa; West 
Australia 
w.c. Without charge 
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W.C.T. U. Women’s Chris- 
tian Temperance Union 

wf. or w.f. wrong font 

W.I. West Indian; 
Indies 

wk. Week 

wt. Weight 


West 


x 
Xmas. Christmas 
Y 


yd. Yard; yards 
Woo. wear 


dint lfS Wats} ine 

«i 
a ; ie Lee ee that any : 
an, . Ue,: % eis pare: i 
ott. Sy ie pagar va = 


: a 7 i 
J b~: bia 2 — 7 : 
j > sons 
2 Ae S 4), 7, o>, See sa rie ; Bea LY 
: ay oe ow 


a Balt de acre. Com far 
x » 
rie re * ie a sao is eee ar _—— : 
ay: " Pin a ee 
7 as be. Sane 
. fe ~ Tas ia —— ss 
7 — . _ ss ae ; 
ee % 
i oe ad 7 oe 
: 7 ae ’ 
~ i * 7 7 
| ay ees; & 7 ae 
7 1 ee Bo 


mpi Poets Paes rl aN Shae ree: 


2, fidget oe f PB Vira 


Bow st hos Seren ol) eal 

Eas Gy came Cae Releia a, eee vad > ae 
[nee Se, 
. —/ = 2a mo News a ie, x 
eat SD. ‘ofall ines CoS " | a 
gia ‘chem owas ' Depa ae 


- 


eet aT é, Or 
i ss oe 
« ann oe no 
; : 
‘ i t} 
wes) Hot dheecka 
Bitidattya iS, 
atti Hay 
Met : 
i EN j 
hae j 3 
(est f 
Bey ie 
SRN HERS NN Bhs 
it f ; 
CE ss é 
4 ¢ . 
y 
MeREN ath veel € 
ryt 
$c 
NPRgeanyen etry } 
Lanbce RUT en Bates} iiss 
Bid pean oeag nats 
BL att sesieaste teat 
La sate path ; 5 
i 
a) Or 
Hates , ‘ : 
aR : 
ey t 
Descitae) sleet tty we . sey 
Aaa a oUe ot aetes Mit she 
af iy : 
Bh Rates 
Masia \ 
std Ne ‘ i 
eaten 
Sy 
Naud 
i at See Leet 4 t 
ievititay S 
Das tater RS 
Sh AST ‘ 5 : i" 
. : < ’ 
oth io " z , in 
renter ie i ‘ et J < 4 
ities here AresiTaRatatascatascanve inc aucetas east SANT MSIE MET AS “ , 
ry ; ig AE an} re, 
x: Oy * . + 
i 
ate heeies Va TRY \ elke 
man SAS hy Arabs Soir} 


alent 

aECr ony tial etd igh 
selyh os tbtyh 
eats 

es i i ve) io 


Tate 
ett 


otha SA 
sepratdeetis 


i a eel 
ave Pee tees 


2 se Sa 
i ST, hit ecole 
str Sey Sane 
ie sass ated 
at tat} 


debehetis 
me leit 
eledetatirth te 
senate 
Bie ee 


